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ABSTRACT

Objectives Cancer patients are at higher risk for severe COVID-19 infection. COVID-19
surveillance of workers in oncological centres is crucial to assess infection burden and
prevent transmission. We estimate the SARS-CoV-2 seroprevalence among health care
workers (HCW) of a comprehensive cancer centre in Catalonia, Spain, and analyse its

association with sociodemographic characteristics, exposure factors and behaviours.
Design Cross-sectional study (21t May — 26 June 2020)
Setting A comprehensive cancer centre in Catalonia, Spain,

Participants All HCW (N=1,969) were invited to complete an online self-administered
epidemiological survey and to provide a blood sample for SARS-CoV-2 antibodies detection.

Primary outcome measure Prevalence (%) and 95% confidence intervals (CI) of

seropositivity together with adjusted prevalence ratios (aPR) and 95%CI were estimated.

Results A total of 1,266 HCW filled the survey (participation rate: 64.0%) and 1,238
underwent serological testing (97.8%). The median age was 43.7 years (p25-p75: 34.8-51.0
years), 76.0% were female, 52.0% were nursing or medical staff, and 79.0% worked on-site
during the pandemic period. SARS-CoV-2 seroprevalence was 8.9% (95%CI: 7.44-10.63),
with no differences by age and sex. No significant differences in terms of seroprevalence
were observed between onsite workers and teleworkers. Seropositivity was associated with
living with a person with COVID-19 (aPR: 3.86, 95%CI: 2.49-5.98). Among on-site workers,
seropositive participants were twofold more likely to be nursing or medical staff. Nursing and
medical staff working in a COVID-19 zone showed a higher seroprevalence than other staff

(aPR: 2.45, 95% CI: 1.08-5.52).

Conclusions At the end of the first wave of the pandemic in Spain, SARS-CoV-2
seroprevalence among ICO HCW was lower than the reported in other Spanish hospitals. The
main risk factors were sharing household with infected people and contact with COVID-19
patients and colleagues. Strengthening preventive measures and health education among

HCW is fundamental.

Keywords SARS-CoV-2; COVID-19; seroprevalence; antibody; health care workers;
epidemiology.
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ARTICLE SUMMARY

Strenghts and limitations

This study is the first seroepidemiological study with such a large sample size settled
in an oncological health centre and has had a high response rate (64.3%)
Questionnaire completeness was very high, with no variables presenting more than
5% of missing values.

Some recall bias is possible as the data for the correlates of SARS-CoV-2 infection
rely on a self-administered questionnaire. Also, results regarding the accomplishment
of preventive measures, might be overestimated.

Response and perception biases must be considered, as well as complacency bias.
Answers reported in the questionnaire could be influenced by the participants’

knowledge regarding their COVID status.

Highlights

First SARS-CoV-2 health care workers seroprevalence study in an oncological
monographic centre

Health care workers seroprevalence knowledge may help hospitals to characterize risk
and reduce the risk of infection.

Protecting HWC health 1s of paramount importance for reducing morbidity and
mortality, reducing transmission, and maintaining the health system capacity
Strengthening preventive measures among health care workers is fundamental in

oncological settings.
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INTRODUCTION

Frontline health care workers (HCW) dealing with COVID-19 have higher exposure to
SARS-CoV-2 than the general population (1) and they can contribute to the spread of
COVID-19 as per their exposure to vulnerable patients. Data regarding the prevalence of
SARS-CoV-2 infections in HCW are scarce, variable, and characterized by underlying
limitations related to the lack of information on tests performance (2). The European Centre
for Disease Prevention and Control (ECDC) has analysed surveillance data with known HCW
status from 15 countries in Europe, reporting an overall percentage of HCW among COVID-
19 cases of 23.0% but no data on prevalence by workplace or speciality is available (3). In
Spain the HCW have been highly affected: a total amount of 40,921 cases among HCW were
already officially notified by the 11t of May 2021(4) at the end of the third wave.

Cancer patients are vulnerable, presenting a high risk for COVID-19 infection and more
severe outcomes due to their immunosuppression status (5). The pandemic has presented
unprecedented professional and personal challenges for the oncology community (6). Data
are lacking on the seroprevalence of SARS-CoV-2 among HCW in oncological centres. The
present study aims to estimate the seroprevalence of SARS-CoV-2 and associated
sociodemographic and behavioural risk factors among workers of the Catalan Institute of
Oncology (ICO), a Comprehensive Cancer Centre comprised of four hospitals in Catalonia

(Spain), covering around 40% of the adult population in Catalonia (7).

PARTICIPANTS AND METHODS

Study design and setting

A cross-sectional study including blood sample collection and a self-administered
questionnaire was conducted between 215t May and 26" June 2020 in the four ICO centres

(L’Hospitalet de Llobregat, Badalona, Tarragona/Terres de I’Ebre and Girona).

The study population were HCW delivering care and services to patients (directly or
indirectly), and support staff, including those who do not deliver care but work in other tasks
within the hospital. A total of 1,969 employees of ICO were invited to participate in the study

through an email that allowed access to the study information. The inclusion criteria were: a)

For peer review only - http://bmjopens.bmj.com/site/about/guidelines.xhtmI
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to be an active worker during the epidemic period, (15February - 26"June 2020) and b) to be
aged >18years. The participants filled in an online epidemiological questionnaire and were
scheduled for serology testing by the Occupational Health Department. 1,266 HCW filled in
the online epidemiological questionnaire (participation rate: 64.3%) and 1,238 of them
(97.8%) underwent a serology test. Three participants with inconclusive serological results

were excluded. The final analysis included 1,235 participants (Figure 1).

Figure 1 about here
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Epidemiological questionnaire and study variables

An epidemiological questionnaire was programmed online to collect information regarding
sociodemographic characteristics, working information, compliance of personal protective

equipment (PPE) measures at work, at home and history of previous COVID-19 infection.

Sociodemographic characteristics included information on age and sex and ICO centre of

recruitment, presence of comorbidities, smoking history, pregnancy and cohabitants.

Work-related conditions included the professional category, teleworking status, type of shift,
working on a COVID19 zone, contact with COVID-19 cases, contact with biological samples
and reporting to be exposed to COVID-19.

In relation to PPE measures at work, participants were asked about feeling protected with
PPE and compliance of PPE measures. In respect of preventive measures at home,
participants were asked about using face mask when shopping, shower and clothes changing
after work or upon home arrival and hand cleaning. Among those participants reporting
cohabitants, information about COVID-19 cases and protective measures were also collected.

Participants were also asked about the type of transport used to go to work.

Participants were asked about a previous diagnose (and date) of COVID-19 by rRT-PCR or
serology, as well as reporting COVID-19 compatible symptoms, and the type of symptoms.

SARS-CoV-2 laboratory testing

Serum samples from participants at L’Hospitalet, Girona and Tarragona/Terres de I’Ebre
were studied at the Microbiology Department of Hospital de Bellvitge; whereas samples from
health-care workers at ICO Badalona were analysed at the MetroNord Regional Clinical
Laboratory. Detection of SARS-CoV-2 antibodies was carried out using the quantitative
SARS-CoV-2 S1/S2 IgG LIAISON® test (DiaSorin, Vercelli, Italy) on the LIAISON XL
platform, following the manufacturer’s instructions. This test discriminates among negative
(<12AU/mL; with 3.8 as IgG detection limit), equivocal (12.0-15.0AU/mL) and positive
(>15.0AU/mL) subjects. In those cases in which a) IgG anti S1/S2 quantification was higher
than the limit of detection (i.e.>3.8AU/mL) but did not reach the limit of discrimination
(i.e.<I5S5AU/mL) and/or b) when the healthcare workers answered the questionnaire saying

that he or she had been diagnosed of COVID-19 but IgG anti S1/S2 where lower than 15
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AU/ml, an additional serological study was performed using a different antigen (N) as a
target. In this case, a SARS-CoV-2 IgG test (Abbott Diagnostics, Sligo, Ireland) was run on
an Architect 12000 platform. This test discriminates among negative (<1.4Index (S/C)) and
positive (>1.4Index (S/C)) subjects.

Case definition

A seropositive case of SARS-CoV-2 was defined as seropositivity to IgG independently of

previous self-reported results.
Patient and Public Involvement
No patient involved

Statistical analysis

Crude global and by subgroups SARS-CoV-2 seroprevalences and their 95% confidence
intervals (CI) were calculated. Differences in the distribution of study variables between
seropositive and seronegative participants were assessed by means of chi-squared test for
categorical variables, and parametric or non-parametric tests were performed for normal and
non-normal continuous variables, respectively. Prevalence ratios (PR) and 95% confidence
intervals (CI) were estimated using Poisson regression models with robust variance(8).
Prevalence ratios were adjusted (aPR) for statistically significant variables in the bivariate
analysis and those considered relevant for the study design. Thus, adjusted models include
sex, ICO centre of recruitment, age, type of HCW, teleworking and cohabitants. Linear trends
of number of symptoms among those reporting COVID-19 compatible symptoms when rRT-
PCR was performed was assessed by fitting the model with the ordinal variable as a
continuous. P-values were based on 2-sided hypothesis tests and considered significant at
p<0.05. All analyses were conducted by using Stata version 16.0 (StataCorp LP, College

Station, Texas).
Ethical considerations

The present study was approved by the Hospital Universitari de Bellvitge Ethics Committee
(PR205/20). The study follows the Helsinki Declaration and subsequent amendments, and
Spanish data confidentiality laws (General data protection regulation Organic Law 3/2018,

the EU General data protection Regulation 2016/679 and Law 14/2007 for biomedical
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research). All participants signed an informed consent form after receiving information of the
study and prior to obtaining biological samples. The biological material obtained was kept at
ICO and processed under the appropriate measures in order to preserve the confidentiality of

the results and data.

RESULTS

A total of 1,235 HCW with serological results (Figure 1) were included in the analysis:
76.0% were female, the median age was 43.7 years (p25-p75: 34.8-51.0 years), 52.2% were
nursing or medical staff and 18.6% of the participants teleworked full-time during the study
period (Table 1). No differences in baseline characteristics between the participants’
teleworking and the rest were found (data not shown). Up to 14.7% of the participants
reported at least one comorbidity. Regarding smoking habits, 16.0% were current smokers
and 28.2% reported to be former smokers (Table 1). Seven women were pregnant and none

of them showed seropositivity.

The overall crude SARS-CoV-2 seroprevalence was 8.9% (95%CI: 7.44-10.63), with no
statistically significant differences by neither age group nor sex, and the seroprevalence for
nursing and medical staff was 11.6% (95%CI: 9.37-14.34). After fully adjustment, the main
determinants of higher seroprevalence included working at ICO Girona compared to workers
at ICO L’Hospitalet (aPR: 1.52, 95%CI: 0.97-2.38), and nursing or medical staff compared to
other groups (aPR: 2.04, 95%CI: 1.33-3.14) (Table 1).
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Table 1. Sociodemographic characteristics associated with SARS-CoV-2 positive serology among study participants (N=1,235).

. . SARS-CoV-2
Total participants
seroprevalence Prevalence (95%CI) p-value aPR (95% CI)’
n (%) n (%)
Study participants 1,235 110 8.91 (7.44-10.63)
Sex
Male 291 (23.6) 27 (24.5) 9.28 (6.44-13.20) REF
Female 939 (76.0) 83 (75.5) 8.84 (7.18-10.83) 0.82 0.82 (0.53-1.28)
Age [median, (p25-p75)] 43.7 (34.8-51.0) 42.8 (32.0-50.1) 0.62 0.99 (0.97-1.01)
<35 years 313 (25.3) 33 (30.0) 10.54 (7.59-14.46) REF
35-49 years 566 (45.8) 47 (42.7) 8.30 (6.29-10.88) 0.85 (0.55-1.34)
>49 years 356 (28.8) 30 (27.3) 8.43 (5.95-11.80) 0.5 0.88 (0.53-1.46)
ICO Center
ICO L'Hospitalet 885 (71.7) 73 (66.4) 8.25 (6.61-10.25) REF
1CO Girona 204 (16.5) 29 (26.4) 14.22 (10.06-19.72) 1.52 (0.97-2.38)
1CO Badalona 134 (10.9) 7(6.4) 5.22 (2.51-10.56) 0.54 (0.25-1.19)
f%grg arragona/ Terres de 12 (1.0) 1(0.9) 8.33 (1.16-41.38) 0.02 1.07 (0.15-7.83)
Professional category
Nursing staff! 380 (30.8) 43 (39.0) 11.32 (8.50-14.92) REF
Medical Staff? 265 (21.5) 32(29.1) 12.08 (8.67-16.58) 1.07 (0.65-1.76)
Middle and superi
i PO 285 (23.1) 14 (12.7) 491 (2.93-8.13) 0.41 (0.22-0.77)
Service staff’ 114 (9.2) 2 (1.8) 7.02 (3.55-13.42) 0.69 (0.31-1.54)
Watchmen 21 (1.7) 8(7.3) 9.52 (2.39-31.16) 0.74 (0.17-3.24)
Administratives 129 (10.4) 8(7.3) 6.20 (3.13-11.92) 0.54 (0.25-1.16)
Other 20 (1.6) 1(0.9) 5.00 (0.70-28.26) 0.03 0.50 (0.07-3.71)
Nursing or medical staff* 645 (52.2) 75 (68.2) 11.63 (9.37-14.34) <0.001 2.04 (1.33-3.14)
Other staff’ 569 (46.1) 33 (30.0) 5.80 (4.15-8.05) REF
Telework
Never/Occasionally 981 (79.4) 86 (78.1) 8.77 (7.15-10.71) REF
Always 230 (18.6) 23 (20.9) 10.00 (6.72-14.63) 0.56 1.60 (0.98-2.59)
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1 Table 1 (continued)

g Total participants szﬁ)l;lse-\(/:a(;:;ze Prevalence (95%CI) p-value’ aPR (95% CI)®
: Shift work

6 Morning 545 (44.1) 49 (45.0) 8.99 (6.86-11.7) REF

7 Evening 140 (11.3) 10 (9.1) 7.14 (3.88-12.77) 0.56 (0.34-0.93)
8 Split shift (morning-evening) 417 (33.8) 38 (34.5) 9.11 (6.7-12.28) 0.88 (0.57-1.37)
9 Night 88 (7.1) 10 (9.1) 11.36 (6.22-19.86) 0.95 (0.46-1.96)
1(1) Other 25(2) 3(2.7) 12 (3.92-31.32) 0.83 1.15 (0.35-3.75)
12 Comorbidities®

13 None 1,054 (85.3) 99 (90.0) 9.39 (7.77-11.31) REF

14 Yes 181 (14.7) 11 (10.0) 6.08 (3.4-10.64) 0.15 0.67 (0.36-1.25)
12 Smoking history

17 Never 650 (52.6) 80 (72.7) 12.31 (9.99-15.07) REF

18 Past 348 (28.2) 22 (20.0) 6.32 (4.20-9.42) 0.57 (0.35-0.93)
19 Current 198 (16.0) 8(7.3) 4.04 (2.03-7.87) 0.0002 0.38 (0.18-0.79)
;? Cohabitants

2 Yes 1,119 (90.6) 95 (86.0) 8.49 (6.99-10.27) REF

23 No 104 (8.4) 15 (13.6) 14.42 (8.88-22.57) 0.04 1.48 (0.83-2.66)
24

25 Numbers do not always sum up the total due to some missing values (none of the categories present more than 5% of missing values).

26  aPR: adjusted Prevalence Ratio, CI: Confidence Interval, p25: 25% percentile, p75: 75% percentile.

27 "'Nursing staff: nurses and nursing assistants.

28 2 Medical staff: resident physicians and specialists.
29 3 Service staff: security, maintenance, cleaning and kitchen.

disorders.

4 Nurses, nursing assistants, resident physicians and specialists.
> Middle and superior technicians, security, maintenance, cleaning, kitchen, watchmen, administrative, and other.
¢ Comorbidities: hypertension, obesity (BMI>30), heart disease, liver disease, diabetes, chronic respiratory disease, renal disease, cancer, autoimmune disorders and other immunological

For peer review only - http://bmjopenl.bmj.com/site/about/guidelines.xhtml

7 Chi-squared test for categorical variables (Fisher's exact test corrected for continuity) and median test for continuous variables.
8 Adjusted for sex, age (continuous), ICO centre, type of health care workers, telework and cohabitants.
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Seroprevalence among on-site workers was 8.8% (95%CI:7.15-10.71) (Table 2). Onsite
workers were younger, mostly health care workers, and reported more frequently rRT-PCR
previous to serology than teleworkers but no differences were observed in sex, self-reported
comorbidities, smoking history, cohabiting with COVID-19 positive case between them and
teleworkers (data not shown). Among this group (N=981) of professionals who never or
occasionally teleworked SARS-CoV-2 seropositivity was not associated with not working in
a COVID-19 zone (aPR: 1.29, 95%CI: 0.81-2.06), nor being in contact with COVID-19
biological samples (aPR: 1.30, 95%CI: 0.77-2.20) nor being in contact with patient with
COVID-19 (aPR: 1.09, 95%CI: 0.66-1.79) were associated with SARS-CoV-2 positivity
(Table 2). On-site nursing or medical staff who worked in a COVID zone had twofold
SARS-CoV-2 seroprevalence than others who did not work in COVID zone (aPR: 2.45,
95%CI: 1.08-5.52). Seropositivity was higher among those who referred being exposed by
interacting with colleagues (aPR: 3.26, 95%CI: 1.49-7.15). On-site workers who self-reported
symptoms of COVID-19 were almost 10-fold more likely to be seropositive than those who
did not (aPR: 9.5, 95%CI: 5.34-17.03). Most of on-site workers were highly adherent to the
recommendation of hand hygiene at work. Hand-washing before eating or working were
followed by more than 97% of on-site workers, whereas around 24% of them reported not
hand hygiene after working or a low frequency of hand washing during the workday. In
relation to protective measures at work 17.4% of the on-site workers did not feel protected
with PPE and 12.1% did not use PPE with confirmed or suspicious COVID-19 cases. In
reference to colleagues’ behaviour, 2m safety distance from colleagues when having lunch

was reported to be unfollowed by 14.1% (Table 2).
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Table 2. Occupational factors associated with SARS-CoV-2 positive serology among on-site workers (N=981).

BMJ Open

'ljo'tal SARS-CoV-2 Adjusted PR
participants seroprevalence Prevalence (95%CT) p-value? (95% CI) 3
n (%) n (%)
On-site workers 981 (79.4) 86 (78.1) 8.77 (7.15-10.71) 0.56
Type of transport to work
Private 751 (76.6) 66 (76.7) 8.79 (6.96-11.04) REF
Public 154 (15.7) 15(17.4) 9.74 (5.95-15.54) 1.32(0.74-2.36)
Private and Public 353.6) 2(2.3) 5.71(1.43-20.19) 0.63 (0.15-2.58)
Walking 37 (3.8) 3(3.9) 8.11 (2.63-22.34) 0.89 0.57 (0.14-2.35)
Working in a COVID-19 zone
No | 398 (40.6) 29 (33.7) 7.29 (5.11-10.29) REF
Yes | 545 (55.6) 55(63.9) 10.09 (7.83-12.92) 0.14 1.29 (0.81-2.06)
Type of and COVID zone !
Non-assisting HCW & never worked in a COVID-19 zone 148 (15.1) 7 (8.0) 4.73 (2.27-9.6) REF
Non-assisting HCW & ever worked in a COVID-19 zone 230(23.4) 13 (15.1) 5.65(3.31-9.5) 1.12 (0.44-2.82)
Assisting HCW & never worked in a COVID-19 zone 244 (24.9) 22 (25.6) 9.02 (6.01-13.32) 1.81(0.77-4.26)
Assisting HCW & ever worked in a COVID-19 zone 311 3L.7) 40 (46.5) 12.86 (9.57-17.07) 0.006 2.45 (1.08-5.52)
p-trend 0.26
Contact with COVID-19 cases
No 333 (33.9) 23 (26.7) 6.91 (4.63-10.18) REF
Yes 536 (54.6) 57 (66.3) 10.63 (8.29-13.54) 0.07 1.30 (0.77-2.20)
Contact with COVID-19 biological samples
No 646 (65.9) 51(59.3) 7.89 (6.05-10.24) REF
Yes 282 (28.7) 30 (34.9) 10.64 (7.54-14.81) 0.17 1.09 (0.66-1.79)
Reporting to be exposed to COVID-19 by interacting with
colleagues at work
No 242 (24.7) 66 (76.7) 2.89 (1.38-5.95) REF
Yes 608 (62.0) 7 (8.1) 10.86 (8.62-13.59) <0.0001 3.26 (1.49-7.15)
Reporting COVID-19 compatible symptoms
No 623 (63.5) 15(17.4) 2.41 (1.46-3.96) REF
Yes 306 (31.2) 68 (79.1) 22.22 (17.91-27.23) <0.0001 9.53 (5.34-17.03)
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Table 2 (continued)
Total SARS-CoV-2 o 2 Adjusted PR
participants seroprevalence Prevalence (95%CI) p-value (95% CI) 3
Not following protection measures at work
Felt protected with PPE 132 (17.4) 12 (16.9) 9.09 (5.23-15.34) 0.83 0.98 (0.51-1.88)
Colleagues cover themselves with their elbows when 155 (15.8) 21 (24.4) 13.55 (9.00-19.90) 0.01 1.70 (1.01-2.87)
sneezing/coughing
2m safety distance from colleagues during lunch 127 (14.1) 12 (15.6) 9.45 (5.44-15.91) 0.71 1.06 (0.56-1.99)
;ﬁ;gﬁf PE with confirmed or suspicious COVID-19 79 (12.1) 7 (10.45) 8.86 (4.28-17.46) 0.63 1.01 (0.45-2.26)
PPE removal safety 48 (7.3) 3(4.6) 6.25 (2.03-17.68) 0.33 0.54 (0.17-1.74)
Personal use of mask 34 (3.5) 1(1.2) 2.94 (0.41-18.17) 0.21 0.41 (0.06-2.99)
Colleagues use ofsurgical mask 7(0.7) 1(1.2) 14.29 (1.96-58.12) 0.62 1.68 (0.23-12.29)
Not following hand hygiene at work
<7 times during workday 233 (23.8) 15 (17.4) 6.44 (3.92-10.41) 0.13 0.71 (0.39-1.28)
Afier money, phone and other personal tools 175 (17.8) 16 (18.6) 9.14 (5.67-14.41) 0.89 1.00 (0.58-1.74)
manipulation
Every time entering in a new workspace 102 (10.4) 5 (5.8) 4.90 (2.05—1 1.25) 0.14 0.55 (0.22-1.37)
Before working 21 (2.1) 3.5 14.29 (4.67-36.17) 0.37 1.72 (0.54-5.47)
After finishing the workday 17 (1.7) 1(1.2) 5.88 (0.82-32.09) 0.67 0.65 (0.09-4.72)
Before eating 9 (0.9) 2(2.3) 22.22 (5.59- 57.95) 0.16 2.67 (0.65-10.94)

Numbers do not always sum up the total due to some missing value (none of the categories present more than 5% of missing values).
PR: Prevalence Ratio, CI: Confidence Interval, HCW: Health Care Workers.

I Assisting HCW: nurses, nursing assistants, resident physicians and specialists; otherwise classified and non-assisting HCW.

2 Chi-squared test.

3 Adjusted for sex, age (continuous), ICO centre, care staff, telework and cohabitants.
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Concerning the correlates of seropositivity according to household factors for all participants
(Table 3), seropositivity was associated with living with a COVID-19 positive person (aPR:
3.86, 95%CI: 2.49-5.98). Up to 17.3% of the participants did not take a shower nor changed

oNOYTULT D WN =

clothes upon arrival, but the majority (99.0%) did hand hygiene upon arrival. The least
11 followed hand hygiene home practices were after money, phone and other personal tools
13 manipulation as well as after nose blowing (23.5% and 22.7%). However, not following
15 protection measures or hand hygiene at home were associated to a higher SARS-CoV-2

seroprevalence.
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Table 3. Household factors associated with SARS-CoV-2 positive serology among study participants (n=1,235).

Total participants SARS-CoV-2 .
seroprevalence Prevalence (95%CI) p-value? Adjusted PR (95% CI) 3
n (%) n (%)
Study participants 1,235 110 8.91 (7.44-10.63)
Cohabitants with COVID-19!
No 894 (79.9) 52 (54.7) 5.82 (4.46-7.56) REF
Yes 141 (12.60) 34 (35.8) 24.11 (17.76-31.86) <0.0001 3.86 (2.49-5.97)
Cohabitants cover themselves with their
elbow when sneezing
No 158 (14.1) 18 (18.9) 11.39 (7.29-17.37) REF
Yes 919 (82.1) 73 (76.8) 7.94 (6.36-9.88) 0.15 0.73 (0.43-1.22)
Not following protection measures at
home*
Use of face mask when shopping 17 (1.4) 2(1.8) 11.76 (2.95-36.86) 0.67 0.98 (0.24-4.05)
Shower and clothes changin
afterwork or upon home frrial 214 (17.3) 20 (18.2) 9.35 (6.11-14.05) 0.82 1.02 (0.62-1.69)
Not following hand hygiene at home*
Upon arrival 12 (1) 2 (1.8) 16.67 (4.19-47.76) 0.35 1.59 (0.39-6.60)
Before eating 60 (4.9) 9(8.2) 15.00 (7.99-26.4) 0.09 1.55(0.77-3.12)
Afier money, phone and other 290 (23.5) 27 (24.6) 9.31 (6.46-13.24) 0.71 1.01 (0.65-1.58)
personal tools manipulation
After cleaning 110 (8.9) 8(7.3) 7.27 (3.68-13.88) 0.53 0.78 (0.38-1.61)
After nose blowing 280 (22.7) 25(22.7) 8.93 (6.1-12.88) 0.99 0.93 (0.58-1.48)

Numbers do not always sum up the total due to some missing values (none of the categories present more than 5% of missing values).

PR: Prevalence Ratio, CI: Confidence Interval.

! Analyses performed among those participants who reported having cohabitants (n=1,119).

2 Chi-squared test.

3 Adjusted for sex, age (continuous), ICO center, care staff, telework and cohabitants.
4 Unfollowing the measures of protection and hand hygiene recommendations.
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Clinical characteristics were collected for those participants (N=469) who reported a rRT-
PCR performed previous to serology (Suppl. table 1). The majority of the patients with a
positive serology and reporting a positive rRT-PCR presented compatible COVID-19
symptoms (74.4%). Among seropositive patients, the most common symptoms were
arthromyalgia, cough, headache, asthenia and anosmia. Reporting a positive rRT-PCR when
presenting compatible symptoms, was associated with a threefold higher prevalence of
seropositivity (aPR: 3.10, 95%CI: 1.78-5.31). An increased number of compatible symptoms
was also associated with a higher seroprevalence (aPR: 7.4, 95%CI: 1.78-5.31, for presenting

4 or more symptoms as compared to no symptoms).

DISCUSSION

Despite the impact of COVID-19 in oncological patients (9), there are no SARS-CoV-2
seroprevalence studies in comprehensive cancer centres. The global SARS-CoV-2
seroprevalence was 8.9%, lower than expected, owing to the presumed higher risk among
HCW. Also, it was lower than the reported estimates in two studies performed among HCW
in Catalonia between March-April and May 2020, showing a seroprevalence of 11.2% (10)
and 10.3% (11) respectively. In both cases, the seroprevalence was higher than in the general
population, estimated to be of a maximum of 7.4% in the Barcelona metropolitan area when
the study was conducted (12), but lower than expected among these highly exposed
populations. Seroprevalence studies interpretation must be related to the average COVID-19
prevalence at the time of blood collection, and both of the mentioned studies were carried out
earlier in time than ours, which was performed approximately one month later (215 May-26™
June 2020), and specifically two months after the first-wave peak in Catalonia (23" March)
(13). An explanation for this lower seroprevalence in our Centre concerns the participation:
all active HCW, regardless their teleworking status during the previous months or work
absenteeism, were invited to participate, and most did (64%). In contrast, Garcia-Basteiro’s
(10) and Barallat’s (11) studies comprised general hospitals (10,11) and primary health care

centers (11) in which the incidence could be higher than in a cancer monographic centre.

In comparison with other Spanish seroprevalence studies, our estimate was even lower. A
study performed among 2,509 HCW in the Alcorcén Hospital (Madrid), in April 2020, found

a seroprevalence of 31.6% (14). A partial explanation for this large prevalence was the higher
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exposure to the virus in this particular geographical area during the first wave of the
epidemic. The largest population-based cross-sectional study in Spain, conducted from April
27t to May 11" to estimate the seroprevalence of SARS-CoV-2 infection showed a
nationwide prevalence of 5.0% in adults, being of 6.8% in Barcelona and 11.5% in the

Madrid region (12).

Other countries also reported the SARS-CoV-2 seroprevalence status of HCW, but with a
quite broad range of outcomes and no specificity of HCW in oncological premises.
Seroprevalence rates among HCW in Germany, Denmark and Belgium were low (1.6%,
4.0% and 6.4%, respectively) (15—17). These studies were conducted during early stages of
the epidemic, and therefore, they supposed that infection was community-acquired. Also, the
Belgian study, with a sample size of almost 30,000 HCW, notes that the high availability of
PPE, high standards of infection prevention, and PCR screening in symptomatic staff,
coupled with contact tracing and quarantine, might explain the relatively low seroprevalence
(17). An study performed in Lombardy region, Italy (18), one of the regions most hit by the
first epidemic wave, showed a seroprevalence of 7.4% (3.8-11.0%), similar to the observed in
the Catalan studies (10,11). Sweden and the UK were the two European countries reporting
the highest seropositivity rates among HCW: 19.1% and between 18.0% and 45.3%,
respectively (19-21). In the UK, this high seroprevalence was settled in London during the
week with the highest number of new cases in the city in the first wave, with around 15%
seropositivity among the general population. In the USA, the prevalence of infection among
HCW was 10.7%, despite high variation, as low as 1.1% in California (22) to 13.7% in New
York State (23).

The differences observed among different countries and healthcare settings may be explained
not only because of the period when the study was performed, but also by the seroprevalence
(and the transmission rates) in the community, and the COVID policies stablished (social
distancing, hand hygiene, and use of PPEs). Nonetheless, all the seroprevalence estimates
among HCW were substantially higher than those reported in the general population of each
geographical area during the same study period, firmly suggesting an occupational health

hazard among HCW.

Despite SARS-CoV-2 seropositivity rate in oncological HCW has significant implications for
oncological patients, scant research has been done. Some of the few studies performed,

showed seroprevalence rates at huge variation. The lowest SARS-CoV-2 antibodies rates in
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oncological HCW (1% and 3.6%) were found in Thuringia (Germany) (24) and Vienna
(Austria) (25), both areas with a low COVID-19 incidence during the first wave. The highest
prevalence (21.2%) was reported in England between March and June 2020, among 70
workers, all patient-facing oncology staff, which may explain the high prevalence (26). All of
those studies were based on small sample sizes (<70 participants) in oncological wards, but
none, to the best of our knowledge, was conducted in monographic oncological hospitals or

comprehensive cancer centres.

In our study, no differences in seroprevalence according to sex, age and presence of
comorbidities were found. Current or past smoking was however inversely associated to
SARS-CoV-2 seroprevalence. Early studies in selected cohorts of COVID-19 patients
showed a paradoxical higher risk of SARS-CoV-2 infection among non-smokers (27) whilst
ever smokers showed higher risk of COVID-19 progression, including severity of the disease,
Intensive Care Unit admission and death (27,28). The reported prevalence of current smokers
in this survey (16.5%) is lower than that reported in the periodical smoking surveys in our
centres (ranging 21-26% in 2017-2019, unpublished data) probably due to underreporting of

smoking or lack of reporting.

It is worth mentioning that, unlike most of the other published seroepidemiological studies
among HCW, the present study was performed among all the HCW of the institution,
regardless they did full-time telework during the study period (21.6%). No differences by
telework were found, and among all study participants the main factor associated with SARS-
CoV-2 seropositivity was living with a COVID-19 case, with a three times higher probability.
This finding supports the importance of community dissemination of the infection also for
HCWs. Similarly, the Belgian study suggested that neither being directly involved in clinical
care nor working in a COVID-19 unit increased the likelihood of being seropositive, while

having a suspected COVID-19 household contact did(17).

To avoid the spread of the disease, the only available and effective measures among health
care workers during the first and second wave of the epidemic, have been hand hygiene, the
use of mask and, when indicated, the use of complete PPE, physical distancing, patients’
isolation, contact tracing of cases to quarantine their close contacts and screening them, as
well as community based interventions such as screening of high-risk populations, mass

quarantine and social or mobility restrictions (29). After December 2020 with the
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authorization of first COVID-19 vaccinations, vaccines to prevent disease have become

another useful tool, currently under implementation (30).

An increased risk of infection among HCW has been attributed to direct, close and long-time
exposure to large numbers of infected patients, especially those involving certain practices
such as intubations or contact with aerosols and body secretions (29,31). Other relevant
factors that could contribute to increase the probability of infection among HCW are shortage
of PPE (32) and work intensity and lack of rest (due to staff shortages) together with
inadequate infection control training (33). Also, it has been observed that most of the HCW

infected were working in general wards or first level emergency response departments (32).

Our study shows that among on-site HCW in an oncological centre, working as medical care
staff (nursing, nursing assistant, resident physicians and specialists) in COVID-19 areas stood
out as one of the main factors associated with developing SARS-CoV-2 antibodies. Published
results regarding the possibility of in-hospital infection among HCW and transmission at
work are controversial. Some studies did not find any relation between working in COVID
unit or professional category with seropositivity (10,18). Korth et al. showed that
seroprevalence was higher in the intermediate-risk group (daily non—COVID-19 patient
contact) compared to the high-risk group (daily contact to COVID-19 patients on the
designated wards and on the intensive care units) (OR: 0.2; p=0.13) (15). A study from
Denmark showed that HCW working in COVID-19 wards had a significantly higher
seroprevalence than other frontline health-care workers working in hospitals (RR: 1.7,
p<0.001). Also, a Swedish study found that seroprevalence was strongly associated with
patient-related work (16), COVID-19 patient contact (OR: 1.43, p<0.005), and occupation (as
being an assisting nurse, OR: 3.7; p<0.005) (19).

In our study, the HCW who reported being exposed to COVID-19 by other colleagues
presented an almost four-fold probability of being seropositive. Most of the HCW declared to
follow the protective measures at the workplace. The moments with less accomplishment
were at the end of the workday and after tools’ manipulation, with no differences according
to protective measures and hand hygiene. No differences in seroprevalence were found

according to protective measures and hand hygiene.

Contact with colleagues at work is a potentially dangerous situation for transmission among

HCW as well as the relaxation of protective measures at the end of the day. Therefore,
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patients with COVID-19 might not be the main source of SARS-CoV-2 infection for HCW,
and HCW could be exposed to non-suspected COVID-19 patients, infected family members,

social contacts, and colleagues, as a result of the pandemic community transmission (34).

Protecting HWC health is of paramount importance for reducing morbidity and mortality,
reducing transmission, and maintaining the health system capacity (35). Thus international
health authorities recommend screening strategies for SARS-CoV-2 infection in exposed or

high-risk HCW (36) as well as massive COVID-19 vaccination (37).

Significant differences exist in SARS-CoV-2 testing between countries, and existing
programmes focus on screening symptomatic rather than asymptomatic staff. Published
studies point out the fact that screening should be performed regardless of the absence of
typical symptoms for COVID-19 disease. It has been demonstrated that seroconversion can
occur in HCW who have suffered no previous symptoms of SARS-CoV-2 infection (38,39)
as asymptomatic transmission is very relevant in SARS-CoV-2 spread (40,41). Thus, the
approach for mass testing of both symptomatic and asymptomatic HCW could mitigate
workforce depletion by unnecessary quarantine, reduce spread in atypical, mild, or

asymptomatic cases; and protect patients and health-care workforce.

Among the potential limitations of the study, some recall bias is possible as the data for the
correlates of SARS-CoV-2 infection rely on a self-administered questionnaire. Also, response
and perception biases have to be considered, as well as complacency bias. Results, especially
those regarding the accomplishment of preventive measures, might be overestimated.
Answers reported in the questionnaire could be influenced by the participants’ knowledge
regarding their COVID status. However, this study is the first seroepidemiological study with
such a large sample size settled in an oncological health centre. The sufficient sample size
and high response rate (64.3%) are strengths of the study, although information regarding
non-participants was not collected, and we cannot disregard a potential participation bias.
Questionnaire completeness was very high, with no variables presenting more than 5% of

missing values.

In conclusion, SARS-CoV-2 seroprevalence among ICO HCW was lower than the reported
in other Catalan hospitals, but higher than among the general population living in the area.
Whereas the main risk factor was living with infected people, contact with COVID-19

patients and other colleagues were associated with SARS-CoV-2 infection. Knowing the
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seroprevalence rate and follow-up evaluation of persistence may help hospitals to
characterize the staff at risk, rationalize their placement, prioritize the use of PPE, thereby
potentially reducing the risk of infection. Follow-up studies to evaluate long term durability
of antibodies among HCW will be of interest, after the introduction of COVID-19
vaccination among HCW, to better promote infection control in this group. Strengthening
preventive measures and health education among HCW is fundamental, especially in

oncological departments and centres.
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Participants' flowchart in the seroprevalence survey, Catalan Institute of Oncology. 21° May-26"
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Supplementary Table 1. Clinical characteristics associated with SARS-CoV-2 positive serology among those who report rRT-PCR previous to study serology

(n=469).
Total SARS-CoV-2
participants seroprevalence Prevalence (95%CI) p-value! Adjusted PR (95% CI)?
n (%) n (%)
Reported rRT-PCR previous to serology 469 (38.0) 86 (78.2) 18.34 (15.08-22.11)
Result of previous rRT-PCR
Negative 397 (84.6) 27 (31.0) 6.80 (4.70-9.74) REF
Positive 72 (15.4) 59 (68.6) 81.94 (71.31-89.23) <0.001 12.15 (7.54-19.57)
Number of symptoms(mean, standard deviation) 1.65 (2.10) 3.08 (2.61) <0.001
None 217 (46.3) 21 (24.0) 9.68 (6.39-14.4) REF
One 61 (13) 7 (8.1) 11.48 (5.56-22.21) 1.13 (0.48-2.67)
2-3 109 (23.2) 22 (25.6) 20.18 (13.66-28.78) 2.03 (1.10-3.73)
>4 81 (17.3) 35 (40.7) 43.21 (32.87-54.18) <0.001 4.33 (2.48-7.59)
p-trend (among exposed) <0.001
Reporting COVID-19 compatible symptoms when
rRT-PCR was performed
No 217 (46.3) 21 (24.0) 9.68 (6.39-14.4) REF
Yes 251 (53.5) 64 (74.4) 25.5(20.48-31.27) <0.001 2.49 (1.51-4.10)
COVID-19 symptoms
Headache 126 (26.9) 36 (41.9) 28.57 (21.35-37.08) <0.001 1.87 (1.20-2.93)
Cough 119 (25.4) 37 (43.0) 31.09 (23.42-39.97) <0.001 2.25(1.44-3.52)
Asthenia 110 (23.5) 36 (41.9) 32.73 (24.6-42.04) <0.001 2.38 (1.53-3.72)
Arthromyalgia 80 (17.1) 57 (66.0) 36.25 (26.47-47.31) <0.001 2.32(1.47-3.67)
Low-grade fever (37.3°C-38°C) 73 (15.6) 26 (30.2) 35.62 (25.5-47.21) <0.001 2.71 (1.67-4.39)
Odynophagia 64 (13.6) 14 (16.3) 21.88 (13.39-33.65) 0.40 1.18 (0.65-2.13)
Diarrhoea 58 (12.4) 16 (18.6) 27.59 (17.62-40.43) 0.05 1.47 (0.83-2.60)
Anosmia 42 (9) 33 (38.4) 78.57 (63.65-88.48) <0.001 6.09 (3.86-9.60)
Dyspnoea 40 (8.5) 11(12.8) 27.50 (15.91-43.2) 0.12 1.56 (0.81-3.00)
Fever (>38°C) 28 (6) 15(17.4) 53.57 (35.4-70.84) <0.001 3.06 (1.71-5.46)
Nausea / vomiting 17 (3.6) 6 (7) 35.29 (16.75-59.66) 0.07 1.86 (0.80-4.36)
Skin lesions 8 (1.7) 1(1.2) 12.50 (1.72-53.86) 0.66 0.74 (0.10-5.38)
Preumonia 3 (0.6) 2(2.3) 66.67 (15.27-95.69) 0.03 2.99 (0.71-12.63)
Myoclonus 2(0.4) 0 0.50

Numbers do not always sum up the total due to some missing values (none of the categories present more than 5% of missing values).
PR: Prevalence Ratio, CI: Confidence Interval. ' Chi-squared test for categorical variables (Fisher's exact test corrected for continuity) and median test for continuous variables.
2 Adjusted for sex, age (continuous), ICO center, care staff, telework and cohabitants.
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies

. . Item .

Section/Topic 4 Recommendation Reported on page #

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 3
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 3

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 5

Objectives 3 State specific objectives, including any prespecified hypotheses 5

Methods

Study design Present key elements of study design early in the paper

Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 5
collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 5

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 7
applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 7

measurement comparability of assessment methods if there is more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 | Explain how the study size was arrived at

Quantitative variables 11 | Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 7
why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 8
(b) Describe any methods used to examine subgroups and interactions 8
(c) Explain how missing data were addressed 8
(d) If applicable, describe analytical methods taking account of sampling strategy NA
(e) Describe any sensitivity analyses NA

Results
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Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 9
confirmed eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential
confounders
(b) Indicate number of participants with missing data for each variable of interest 9
Outcome data 15* | Report numbers of outcome events or summary measures 12
Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 12
interval). Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 9
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 15
Discussion
Key results 18 | Summarise key results with reference to study objectives 17
Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 21
magnitude of any potential bias
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 17
similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 21
Other information
Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 22

which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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ABSTRACT

Objectives Cancer patients are at higher risk for severe COVID-19 infection. COVID-19
surveillance of workers in oncological centres is crucial to assess infection burden and prevent
transmission. We estimate the SARS-CoV-2 seroprevalence among health care workers
(HCW) of a comprehensive cancer centre in Catalonia, Spain, and analyse its association with

sociodemographic characteristics, exposure factors and behaviours.
Design Cross-sectional study (215 May — 26™ June 2020).
Setting A comprehensive cancer centre (Institut Catala d’Oncologia) in Catalonia, Spain.

Participants All HCW (N=1,969) were invited to complete an online self-administered
epidemiological survey and provide a blood sample for SARS-CoV-2 antibodies detection.

Primary outcome measure Prevalence (%) and 95% confidence intervals (CI) of

seropositivity together with adjusted prevalence ratios (aPR) and 95%CI were estimated.

Results A total of 1,266 HCW filled the survey (participation rate: 64.0%) and 1,238
underwent serological testing (97.8%). The median age was 43.7 years (p25-p75: 34.8-51.0
years), 76.0% were female, 52.0% were nursing or medical staff, and 79.0% worked on-site
during the pandemic period. SARS-CoV-2 seroprevalence was 8.9% (95%CI: 7.44-10.63),
with no differences by age and sex. No significant differences in terms of seroprevalence were
observed between onsite workers and teleworkers. Seropositivity was associated with living
with a person with COVID-19 (aPR: 3.86, 95%CI: 2.49-5.98). Among on-site workers,
seropositive participants were twofold more likely to be nursing or medical staff. Nursing and
medical staff working in a COVID-19 area showed a higher seroprevalence than other staff

(aPR: 2.45, 95% CI: 1.08-5.52).

Conclusions At the end of the first wave of the pandemic in Spain, SARS-CoV-2
seroprevalence among Institut Catala d’Oncologia HCW was lower than the reported in other
Spanish hospitals. The main risk factors were sharing household with infected people and
contact with COVID-19 patients and colleagues. Strengthening preventive measures and health

education among HCW is fundamental.

Keywords SARS-CoV-2; COVID-19; seroprevalence; antibody; health care workers;
epidemiology.
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ARTICLE SUMMARY

Strenghts and limitations

e Seroepidemiological study with a large sample size settled in a monographic
oncological health centre.

¢ Questionnaire completeness was very high, with no variables presenting more than 5%
of missing values.

e Recall bias is possible as the data for the correlates of SARS-CoV-2 infection rely on a
self-administered questionnaire.

e The accomplishment of preventive measures might be overestimated: response and
perception biases must be considered, as well as complacency bias.

e Answers reported in the questionnaire could be influenced by the participants’

knowledge regarding their COVID status.

INTRODUCTION

Frontline health care workers (HCW) dealing with COVID-19 have higher exposure to SARS-
CoV-2 than the general population (1), and they can contribute to the spread of COVID-19 as
per their exposure to vulnerable patients. Since the beginning of the pandemic, several studies
have been published on SARS-CoV-2 infections prevalence in HCW, although with diverse
results. A meta-analysis of 49 studies, including 127,480 health care workers, showed that the
overall seroprevalence of SARS-CoV-2 antibodies in the European region was 8.5% (2). HCW
in Spain have been highly affected: a total amount of 154,636 cases among HCW were already
officially notified by December 2, 2021 at the onset of the sixth pandemic wave (4).

Cancer patients are vulnerable, presenting a high risk for COVID-19 infection and more severe
outcomes due to their immunosuppression status (5). The pandemic has presented
unprecedented professional and personal challenges for the oncology community (6). Data are
lacking on the seroprevalence of SARS-CoV-2 among HCW in oncological centres, and small
sample sizes limit the few published studies. The present study aims to estimate the
seroprevalence of SARS-CoV-2 and associated sociodemographic and behavioural risk factors
among workers of the Catalan Institute of Oncology (ICO), a Comprehensive Cancer Centre
comprised of four hospitals in Catalonia (Spain), covering around 40% of the adult population

in Catalonia (7).
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PARTICIPANTS AND METHODS
Study design and setting

A cross-sectional study including blood sample collection and a self-administered
questionnaire was conducted between 215t May and 26" June 2020 in the four ICO centres

(L’Hospitalet de Llobregat, Badalona, Tarragona/Terres de I’Ebre and Girona).

The study population were HCW delivering care and services to patients (directly or indirectly)
and support staff, including those who do not deliver care but work in other tasks within the
hospital. A total of 1,969 employees of ICO were invited to participate in the study through an
email that allowed access to the study information. The inclusion criteria were: a) to be an
active worker during the epidemic period, (1%t February - 26" June 2020) and b) to be aged
>18years. The participants filled in an online epidemiological questionnaire and were
scheduled for serology testing by the Occupational Health Department. 1,266 HCW filled in
the online epidemiological questionnaire (participation rate: 64.3%) and 1,238 of them (97.8%)
underwent a serology test. Three participants with inconclusive serological results were

excluded. The final analysis included 1,235 participants (Figure 1).

Figure 1 about here

Epidemiological questionnaire and study variables

An epidemiological questionnaire was programmed online to collect information regarding
sociodemographic characteristics, working information, compliance of personal protective
equipment (PPE) measures at work, at home and history of previous COVID-19 infection
(Supplemental Material). The questionnaire was developed based on previous
epidemiological studies conducted within the ICO centres, and a modified version was used in
another seroprevalence study performed among university personnel of the University of

Barclona (8).

Sociodemographic characteristics included information on age and sex, ICO centre of

recruitment, presence of comorbidities, smoking history, pregnancy and cohabitants.
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Work-related conditions included the professional category, teleworking status, type of shift,
working on a COVID-19 area, contact with COVID-19 cases, contact with biological samples
and reporting to be exposed to COVID-19.

Concerning PPE measures at work, participants were asked about feeling protected with PPE
and compliance with PPE measures. Regarding the application of preventive measures outside
the working setting, participants were asked if they got a shower after leaving the workplace
or when arriving home, if they changed clothes after work or upon home arrival, as well as
about hand washing and use of face mask when shopping. Information about COVID-19 cases
and protective measures were also collected among those participants reporting cohabitants.

Participants were also asked about the type of transport used to go to work.

Participants were asked about a previous diagnosis of COVID-19 performed by rRT-PCR or
serology test and date of diagnosis, as well as reporting COVID-19 compatible symptoms, and
the type of symptoms.

SARS-CoV-2 laboratory testing

Serum samples from participants at L’Hospitalet, Girona and Tarragona/Terres de 1’Ebre were
studied at the Microbiology Department of Hospital de Bellvitge and samples from health-care
workers at [CO Badalona were analysed at the MetroNord Regional Clinical Laboratory, using
the same procedures and techniques in both laboratories. Detection of SARS-CoV-2 antibodies
was carried out using the quantitative SARS-CoV-2 S1/S2 IgG LIAISON® test (DiaSorin,
Vercelli, Italy) on the LIAISON XL platform, following the manufacturer’s instructions. This
test discriminates among negative (<I12AU/mL; with 3.8 as IgG detection limit), equivocal
(12.0-15.0AU/mL) and positive (>15.0AU/mL) subjects. In those cases in which a) IgG anti
S1/S2 quantification was higher than the limit of detection (i.e.>3.8 AU/mL) but did not reach
the limit of discrimination (i.e.<ISAU/mL) and/or b) when the HCW answered the
questionnaire saying that he or she had been diagnosed of COVID-19 but IgG anti S1/S2 where
lower than 15 AU/ml, an additional serological study was performed using a different antigen
(N) as a target. In this case, a SARS-CoV-2 IgG test (Abbott Diagnostics, Sligo, Ireland) was
run on an Architect 12000 platform. This test discriminates among negative (<1.4Index (S/C))

and positive (>1.4Index (S/C)) subjects.
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Case definition

A seropositive case of SARS-CoV-2 was defined as seropositivity to IgG independently of

previous self-reported results.
Patient and Public Involvement

No patient was involved in the study.
Statistical analysis

Crude global and by subgroups SARS-CoV-2 seroprevalence and 95% confidence intervals
(CI) were calculated. Differences in the distribution of study variables between seropositive
and seronegative participants were assessed using chi-squared test for categorical variables,
and parametric or non-parametric tests were performed for normal and non-normal continuous
variables, respectively. Prevalence ratios (PR) and 95% confidence intervals (CI) were
estimated using Poisson regression models with robust variance (9). Prevalence ratios were
adjusted (aPR) for statistically significant variables in the bivariate analysis and those
considered relevant for the study design. Thus, adjusted models included sex, ICO centre of
recruitment, age, type of HCW, teleworking and cohabitants. Linear trends for variables with
ordinal categories was based in the likelihood ratio test of the model with the ordinal variable
as a continuous one. P-values were based on 2-sided hypothesis tests and considered significant
at p<0.05. All analyses were conducted using Stata version 16.0 (StataCorp LP, College

Station, Texas).
Ethical considerations

The present study was approved by the Hospital Universitari de Bellvitge Ethics Committee
(PR205/20). The study follows the Helsinki Declaration and subsequent amendments, and
Spanish data confidentiality laws (General data protection regulation Organic Law 3/2018, EU
General data protection Regulation 2016/679 and Law 14/2007 for biomedical research). All
participants signed an informed consent form after receiving information of the study and prior
to obtaining biological samples. The biological material obtained was kept at ICO and

processed under the appropriate measures to preserve the confidentiality of the results and data.
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RESULTS

A total of 1,235 HCW with serological results (Figure 1) were included in the analysis: 76.0%
were female, the median age was 43.7 years (p25-p75: 34.8-51.0 years), 52.2% were nursing
or medical staff, and 18.6% of the participants teleworked full-time during the study period
(Table 1). Up to 14.7% of the participants reported at least one comorbidity. Regarding
smoking habits, 16.0% were current smokers, and 28.2% reported to be former smokers (Table

1). Seven women were pregnant, and none of them showed seropositivity.

The overall crude SARS-CoV-2 seroprevalence was 8.9% (95%CI: 7.44-10.63), with no
statistically significant differences by neither age group nor sex, and the seroprevalence for
nursing and medical staff was 11.6% (95%CI: 9.37-14.34). After fully adjustment, the main
determinants of higher seroprevalence included working at ICO Girona compared to workers
at ICO L’Hospitalet (aPR: 1.52, 95%CI: 0.97-2.38), and nursing or medical staff compared to
other groups (aPR: 2.04, 95%CI: 1.33-3.14) (Table 1).
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178 Table 1. Sociodemographic characteristics associated with SARS-CoV-2 positive serology among study participants (N=1,235).

1
129
3 . SARS-CoV-2
180 Total participants 1 o . o ,
seroprevalence Prevalence (95%CI) p-value aPR (95% CI)
. n (%) n (%)
1§1 Study participants 1,235 110 8.91 (7.44-10.63)
8 Sex
13?% Male 291 (23.6) 27 (24.5) 9.28 (6.44-13.20) REF
11 Female 939 (76.0) 83 (75.5) 8.84 (7.18-10.83) 0.82 0.82 (0.53-1.28)
192 Aselmedian, (p25-p75)] 43.7 (34.8-51.0) 42.8 (32.0-50.1) 0.62 0.99 (0.97-1.01)
13 <35 years 313 (25.3) 33 (30.0) 10.54 (7.59-14.46) REF
14 35-49 years 566 (45.8) 47 (42.7) 8.30 (6.29-10.88) 0.85 (0.55-1.34)
184 >49 years 356 (28.8) 30 (27.3) 8.43 (5.95-11.80) 0.5 0.88 (0.53-1.46)
16 ICO Center
lgg ICO L'Hospitalet 885 (71.7) 73 (66.4) 8.25 (6.61-10.25) REF
19 1CO Girona 204 (16.5) 29 (26.4) 14.22 (10.06-19.72) 1.52 (0.97-2.38)
1§8 1CO Badalona 134 (10.9) 7 (6.4) 5.22 (2.51-10.56) 0.54 (0.25-1.19)
21 ICO Tarragona / Terres de
22 I'Ebre 12 (1.0) 1(0.9) 8.33 (1.16-41.38) 0.02 1.07 (0.15-7.83)
1837
24 Professional category
1§§ Nursing staff 380 (30.8) 43 (39.0) 11.32 (8.50-14.92) REF
27 Medical Staff? 265 (21.5) 32 (29.1) 12.08 (8.67-16.58) 1.07 (0.65-1.76)
1%@ ?jéiiii;’;i supertor 285 (23.1) 14 (12.7) 491 (2.93-8.13) 0.41 (0.22-0.77)
30 Service staff’ 114 (9.2) 2(1.8) 7.02 (3.55-13.42) 0.69 (0.31-1.54)
190 Porter 21 (1.7) 8(7.3) 9.52 (2.39-31.16) 0.74 (0.17-3.24)
32 Administratives 129 (10.4) 8(7.3) 6.20 (3.13-11.92) 0.54 (0.25-1.16)
1;; Other 20 (1.6) 1(0.9) 5.00 (0.70-28.26) 0.03 0.50 (0.07-3.71)
35
36 Nursing or medical staff* 645 (52.2) 75 (68.2) 11.63 (9.37-14.34) <0.001 2.04 (1.33-3.14)
1%3 Other staff’ 569 (46.1) 33 (30.0) 5.80 (4.15-8.05) REF
38
1@% Telework
4 Never/Occasionally 981 (79.4) 86 (78.1) 8.77 (7.15-10.71) REF
Z; Always 230 (18.6) 23 (20.9) 10.00 (6.72-14.63) 0.56 1.60 (0.98-2.59)
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Table 1 (continued)
Total participants SARS-CoV-2 Prevalence (95%CI) p-value’ aPR (95% CI)3
seroprevalence

Shift work

Morning 545 (44.1) 49 (45.0) 8.99 (6.86-11.7) REF

Evening 140 (11.3) 10 (9.1) 7.14 (3.88-12.77) 0.56 (0.34-0.93)

Split shift (morning-evening) 417 (33.8) 38 (34.5) 9.11 (6.7-12.28) 0.88 (0.57-1.37)

Night 88 (7.1) 10 (9.1) 11.36 (6.22-19.86) 0.95 (0.46-1.96)

Other 25(2) 3(2.7) 12 (3.92-31.32) 0.83 1.15 (0.35-3.75)
Comorbidities®

None 1,054 (85.3) 99 (90.0) 9.39 (7.77-11.31) REF

Yes 181 (14.7) 11 (10.0) 6.08 (3.4-10.64) 0.15 0.67 (0.36-1.25)
Smoking history

Never 650 (52.6) 80 (72.7) 12.31 (9.99-15.07) REF

Past 348 (28.2) 22 (20.0) 6.32 (4.20-9.42) 0.57 (0.35-0.93)

Current 198 (16.0) 8(7.3) 4.04 (2.03-7.87) 0.0002 0.38 (0.18-0.79)
Cohabitants

Yes 1,119 (90.6) 95 (86.0) 8.49 (6.99-10.27) REF

No 104 (8.4) 15 (13.6) 14.42 (8.88-22.57) 0.04 1.48 (0.83-2.66)

Numbers do not always sum up the total due to some missing values (none of the categories present more than 5% of missing values).

aPR: adjusted Prevalence Ratio, CI: Confidence Interval, p25: 25% percentile, p75: 75% percentile.

"'Nursing staff: nurses and nursing assistants.
2 Medical staff: resident physicians and specialists.

3 Service staff: security, maintenance, cleaning and kitchen.
4 Nurses, nursing assistants, resident physicians and specialists.

3Middle and superior technicians, security, maintenance, cleaning, kitchen, porter, administrative, and other.

Page 12 of 33

¢ Comorbidities: hypertension, obesity (BMI>30), heart disease, liver disease, diabetes, chronic respiratory disease, renal disease, cancer, autoimmune disorders and other immunological

disorders.

7 Chi-squared test for categorical variables (Fisher's exact test corrected for continuity) and median test for continuous variables.

8 Adjusted for sex, age (continuous), ICO centre, type of health care workers, telework and cohabitants.
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Seroprevalence among on-site workers was 8.8% (95%CI: 7.15-10.71) (Table 2). Onsite
workers were younger, mostly health care workers, and reported more frequently rRT-PCR
previous to serology than teleworkers, but no differences were observed in sex, self-reported
comorbidities, smoking history, cohabiting with COVID-19 positive case between them and
teleworkers (Supplemental Material). Among this group (NV=981) of professionals who never
or occasionally teleworked SARS-CoV-2 seropositivity was not associated with not working
in a COVID-19 area (aPR: 1.29, 95%CI: 0.81-2.06), nor being in contact with COVID-19
biological samples (aPR: 1.30, 95%CI: 0.77-2.20) nor being in contact with patients with
COVID-19 (aPR: 1.09, 95%CI: 0.66-1.79) were associated with SARS-CoV-2 positivity
(Table 2). On-site nursing or medical staff who worked in a COVID area had twofold SARS-
CoV-2 seroprevalence than others who did not work in COVID area (aPR: 2.45, 95%CI: 1.08-
5.52). Seropositivity was higher among those whom referred being exposed by interacting with
colleagues (aPR: 3.26, 95%CI: 1.49-7.15). On-site workers who self-reported symptoms of
COVID-19 were almost 10-fold more likely to be seropositive than those who did not (aPR:
9.5, 95%CI: 5.34-17.03). Most of the on-site workers were highly adherent to the
recommendation of hand hygiene at work. Hand washing before eating or working, were
followed by more than 97% of on-site workers, whereas around 24% of them reported not hand
hygiene after working or a low frequency of handwashing during the workday. In relation to
protective measures at work, 17.4% of the on-site workers did not feel protected with PPE, and
12.1% did not use PPE with confirmed or suspicious COVID-19 cases. About colleagues’
behaviour, 2m safety distance from colleagues when having lunch was reported to be

unfollowed by 14.1% (Table 2).
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Table 2. Occupational factors associated with SARS-CoV-2 positive serology among on-site workers (N=981).
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’I“o.tal SARS-CoV-2 Adjusted PR
participants seroprevalence Prevalence (95%CT) p-value? (95% CI) 3
n (%) n (%)
On-site workers 981 (79.4) 86 (78.1) 8.77 (7.15-10.71) 0.56
Type of transport to work
Private 751 (76.6) 66 (76.7) 8.79 (6.96-11.04) REF
Public 154 (15.7) 15 (17.4) 9.74 (5.95-15.54) 1.32 (0.74-2.36)
Private and Public 35(3.6) 2(2.3) 5.71 (1.43-20.19) 0.63 (0.15-2.58)
Walking 37(3.8) 3(3.5) 8.11 (2.63-22.34) 0.89 0.57 (0.14-2.35)
Working in a COVID-19 area
No | 398 (40.6) 29 (33.7) 7.29 (5.11-10.29) REF
Yes | 545(55.6) 55(63.9) 10.09 (7.83-12.92) 0.14 1.29 (0.81-2.06)
Type of and COVID area !
Non-assisting HCW & never worked in a COVID-19 area 148 (15.1) 7(8.0) 4.73 (2.27-9.6) REF
Non-assisting HCW & ever worked in a COVID-19 area 230(23.4) 13 (15.1) 5.65(3.31-9.5) 1.12/(0.44-2.82)
Assisting HCW & never worked in a COVID-19 area 244 (24.9) 22 (25.6) 9.02 (6.01-13.32) 1.81(0.77-4.26)
Assisting HCW & ever worked in a COVID-19 area 311 (31.7) 40 (46.5) 12.86 (9.57-17.07) 0.006 2.45 (1.08-5.52)
p-trend 0.26
Contact with COVID-19 cases
No 333 (33.9) 23 (26.7) 6.91 (4.63-10.18) REF
Yes 536 (54.6) 57 (66.3) 10.63 (8.29-13.54) 0.07 1.30 (0.77-2.20)
Contact with COVID-19 biological samples
No 646 (65.9) 51(59.3) 7.89 (6.05-10.24) REF
Yes 282 (28.7) 30 (34.9) 10.64 (7.54-14.81) 0.17 1.09 (0.66-1.79)
Reporting to be exposed to COVID-19 by interacting with
colleagues at work
No 242 (24.7) 66 (76.7) 2.89 (1.38-5.95) REF
Yes 608 (62.0) 7 (8.1) 10.86 (8.62-13.59) <0.0001 3.26 (1.49-7.15)
Reporting COVID-19 compatible symptoms
No 623 (63.5) 15 (17.4) 2.41 (1.46-3.96) REF
Yes 306 (31.2) 68 (79.1) 22.22 (17.91-27.23) <0.0001 9.53 (5.34-17.03)
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Table 2 (continued)

Total SARS-CoV-2 ° 2 Adjusted PR
participants seroprevalence Prevalence (95%CT) p-value (95% CI) 3

Not following protection measures at work

Felt protected with PPE 132 (17.4) 12 (16.9) 9.09 (5.23-15.34) 0.83 0.98 (0.51-1.88)

Colleagues cover themselves with their elbows when 155 (15.8) 21 (24.4) 13.55 (9.00-19.90) 0.01 1.70 (1.01-2.87)

sneezing/coughing

2m safety distance from colleagues during lunch 127 (14.1) 12 (15.6) 9.45 (5.44-15.91) 0.71 1.06 (0.56-1.99)

g;ef{tf PE with confirmed or suspicious COVID-19 79 (12.1) 7 (10.45) 8.86 (4.28-17.46) 0.63 1.01 (0.45-2.26)

PPE removal safety 48 (7.3) 3(4.6) 6.25 (2.03-17.68) 0.33 0.54 (0.17-1.74)

Personal use of mask 34 (3.5) 1(1.2) 2.94 (0.41-18.17) 021 0.41 (0.06-2.99)

Colleagues use ofsurgical mask 7 (0.7) 1(1.2) 14.29 (1.96-58.12) 0.62 1.68 (0.23-12.29)
Not following hand hygiene at work

<7 times during workday 233 (23.8) 15(17.4) 6.44 (3.92-10.41) 0.13 0.71 (0.39-1.28)

Afier money, phone and other personal tools 175 (17.8) 16 (18.6) 9.14 (5.67-14.41) 0.89 1.00 (0.58-1.74)

manipulation

Every time entering in a new workspace 102 (10.4) 5 (5.8) 4.90 (2.05-1 1 .25) 0.14 0.55 (0.22—1.37)

Before working 21 (2.1) 3.5 14.29 (4.67-36.17) 0.37 1.72 (0.54-5.47)

After finishing the workday 17 (1.7) 1(1.2) 5.88 (0.82-32.09) 0.67 0.65 (0.09-4.72)

Before eating 9 (0.9) 2(2.3) 22.22 (5.59- 57.95) 0.16 2.67 (0.65-10.94)

Numbers do not always sum up the total due to some missing value (none of the categories present more than 5% of missing values).
PR: Prevalence Ratio, CI: Confidence Interval, HCW: Health Care Workers.

I Assisting HCW: nurses, nursing assistants, resident physicians and specialists; otherwise, classified and non-assisting HCW.

2 Chi-squared test.

3 Adjusted for sex, age (continuous), ICO centre, care staff, telework and cohabitants.
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Concerning the correlates of seropositivity according to household factors for all participants
(Table 3), seropositivity was associated with living with a COVID-19 positive person (aPR:
3.86, 95%CI: 2.49-5.98). Up to 17.3% of the participants did not take a shower nor change
clothes upon home arrival, but the majority (99.0%) did hand hygiene. The least followed hand
hygiene home practices were after money, phone and other personal tools manipulation, and
after nose blowing, coughing or sneezing (23.5% and 22.7%). However, not following
protection measures or hand hygiene at home were associated with a higher SARS-CoV-2

seroprevalence.

Clinical characteristics were collected for those participants (N=469) who reported a rRT-PCR
performed previous to serology (Supplemental material). The majority of the patients with a
positive serology and reporting a positive rRT-PCR presented compatible COVID-19
symptoms (74.4%). Among seropositive patients, the most common symptoms were
arthromyalgia, cough, headache, asthenia and anosmia. Reporting a positive rRT-PCR when
presenting compatible symptoms was associated with a threefold higher prevalence of
seropositivity (aPR: 3.10, 95%CI: 1.78-5.31). An increased number of compatible symptoms
was also associated with a higher seroprevalence (aPR: 7.4, 95%CI: 1.78-5.31, for presenting

four or more symptoms compared to no symptoms).
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Table 3. Household factors associated with SARS-CoV-2 positive serology among study participants (n=1,235).

Total participants SARS-CoV-2 .
seroprevalence Prevalence (95%CI) p-value ? Adjusted PR (95% CI) 3
n (%) n (%)
Study participants 1,235 110 8.91 (7.44-10.63)
Cohabitants with COVID-19!
No 894 (79.9) 52 (54.7) 5.82 (4.46-7.56) REF
Yes 141 (12.60) 34 (35.8) 24.11 (17.76-31.86) <0.0001 3.86 (2.49-5.97)
Cohabitants cover themselves with their
elbow when sneezing
No 158 (14.1) 18 (18.9) 11.39 (7.29-17.37) REF
Yes 919 (82.1) 73 (76.8) 7.94 (6.36-9.88) 0.15 0.73 (0.43-1.22)
Not following protection measures at
home*
Use of face mask when shopping 17 (1.4) 2 (1.8) 11.76 (2.95-36.86) 0.67 0.98 (0.24-4.05)
Shower and clothes changin
afterwork or upon home frrial 214 (17.3) 20 (18.2) 9.35(6.11-14.05) 0.82 1.02 (0.62-1.69)
Not following hand hygiene at home*
Upon arrival 12 (1) 2(L.8) 16.67 (4.19-47.76) 0.35 1.59 (0.39-6.60)
Before eating 60 (4.9) 9(8.2) 15.00 (7.99-26.4) 0.09 1.55(0.77-3.12)
Afier money, phone and other 290 (23.5) 27 (24.6) 9.31 (6.46-13.24) 0.71 1.01 (0.65-1.58)
personal tools manipulation
After cleaning 110 (8.9) 8(7.3) 7.27 (3.68-13.88) 0.53 0.78 (0.38-1.61)
After nose blowing 280 (22.7) 25(22.7) 8.93 (6.1-12.88) 0.99 0.93 (0.58-1.48)

Numbers do not always sum up the total due to some missing values (none of the categories present more than 5% of missing values).

PR: Prevalence Ratio, CI: Confidence Interval.

! Analyses performed among those participants who reported having cohabitants (n=1,119).

2 Chi-squared test.

3 Adjusted for sex, age (continuous), ICO center, care staff, telework and cohabitants.
4 Unfollowing the measures of protection and hand hygiene recommendations.
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DISCUSSION

Despite the impact of COVID-19 in oncological patients (10), there are scarce SARS-CoV-2
seroprevalence studies in comprehensive cancer centres with large sample sizes. The global
SARS-CoV-2 seroprevalence was 8.9% during the first wave of the COVID-19 pandemic,
lower than expected, owing to the presumed higher risk among HCW. Also, it was lower than
the reported estimates in two studies performed among HCW in Catalonia between March-
April and May 2020, showing a seroprevalence of 11.2% (11) and 10.3% (12), respectively. In
all cases, the seroprevalence was higher than in the general population, estimated to be of a
maximum of 7.4% in the Barcelona metropolitan area when the study was conducted (13).
Seroprevalence studies interpretation must be related to the average COVID-19 prevalence at
the time of blood collection. Both of the mentioned studies were carried out earlier than ours,
which was performed approximately one month later (21 May-26" June 2020), and two
months after the first-wave peak in Catalonia (23" March) (14). Another explanation for this
lower seroprevalence in our Centre concerns the participation: all active HCW, regardless of
their teleworking status during the previous months or work absenteeism, were invited to
participate, and most did (64%). In contrast, Garcia-Basteiro’s (11) and Barallat’s (12) studies
comprised general hospitals (10,11) and primary health care centers (12) in which the incidence

could be higher than in a monographic cancer centre.

Several studies regarding COVID-19 infections in HCW in Spain have been published,
although showing diverse results. In a tertiary-care hospital in Mallorca, with low regional
seroprevalence in the general population (<2%), the prevalence of infected HCW (n=2,210)
was 2.8%(15). Varona et al. performed a cross-sectional study evaluating 6,038 employees
from the healthcare system of 17 hospitals across four regions in Spain (Madrid, Catalonia,
Galicia and Castilla-Leon), showing an 11% seropositivity for SARS-CoV-2 IgG (16). Finally,
other studies in Madrid, reported a seroprevalence between 16.6% and 36.5% among HCW in
areas with high COVID-19 prevalence (17-19). These studies revealed seroprevalence of
SARS-CoV-2 IgG antibodies in HCW tend to be higher than in the general population, at

variance according to regional COVID-19 incidence.

The prevalence of SARS-CoV-2 antibodies among HCW has been increasingly investigated in
many other countries showing a broad range of outcomes. So far, two systematic reviews
estimated an overall seroprevalence of SARS-CoV-2 antibodies of 8.7% and 8.0% among

127,480 HCW and 168,200 HCW, respectively, before vaccination started (2,20).
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Seroprevalence was higher in studies conducted in North America (12.7%) compared with

those conducted in Europe (8.5%), Africa (8.2) and Asia (4%) (2).

In Europe, seroprevalence rates among HCW in Germany, Denmark and Belgium were low
(1.6%, 4.0% and 6.4%, respectively) (21-23). These studies were conducted during early
stages of the epidemic, and therefore, they derived that infection was community-acquired.
Also, the Belgian study, with a sample size of almost 30,000 HCW, notes that the high
availability of PPE, high standards of infection prevention, and PCR screening in symptomatic
staff, coupled with contact tracing and quarantine, might explain the relatively low
seroprevalence (23). An study performed in Lombardy, Italy (24), one of the Italian regions
most hit by the first epidemic wave, showed a seroprevalence of 7.4% (3.8-11.0%), similar to
the observed in the Catalan studies (11,12). Sweden and the UK were the two European
countries reporting the highest seropositivity rates among HCW: 19.1% and between 18.0%
and 45.3%, respectively (25-27). In the UK, this high seroprevalence was settled in London
during the week with the highest number of new cases in the city in the first wave, with around
15% seropositivity among the general population. In the USA, the prevalence of infection
among HCW was 10.7%, despite high variation, as low as 1.1% in California (28) to 13.7% in
New York State (29).

Despite SARS-CoV-2 seropositivity rate in oncological HCW has significant implications for
oncological patients, scant research has been done. The only study published with a large
sample size was in Tokyo, Japan, and it showed a very low seroprevalence of 0.67% among
1,190 HCW. It was performed at the end of the first wave in Japan, between the 3" of August
and the 30 of October 2020, so this may explain the lower seroprevalence compared with our
estimation. A French study performed among 663 HCW and 1,011 cancer patients, after the
end of the first wave, showed also low seroprevalence both for HCW and patients (1.8% and
1.7%, respectively) (30). Other studies that have been published were based on small sample

sizes and showed very variable seroprevalence rates (22,31-35).

In our study, we found no differences in HCW seroprevalence according to sex, age and
presence of comorbidities. Current or past smoking was however inversely associated to
SARS-CoV-2 seroprevalence. Early studies in selected cohorts of COVID-19 patients showed
a paradoxical higher risk of SARS-CoV-2 infection among non-smokers (36) whilst ever
smokers showed higher risk of COVID-19 progression, including severity of the disease,
Intensive Care Unit admission and death (27,28).
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It is worth mentioning that, unlike most of the other published seroepidemiological studies
among HCW, the present study was performed among all the HCW of the institution,
regardless they did full-time telework during the study period (21.6%). No differences by
telework were found, and among all study participants the main factor associated with SARS-
CoV-2 seropositivity was living with a COVID-19 case, with a times higher probability,
similarly to what has been described in other studies (2,20). This finding supports the

importance of community dissemination of the infection also for HCWs.

Our study shows that among on-site HCW in an oncological centre, working as medical care
staff (nursing, nursing assistant, resident physicians and specialists) in COVID-19 areas stood
out as one of the main factors associated with developing SARS-CoV-2 antibodies. Published
results regarding the possibility of in-hospital infection among HCW and transmission at work
are controversial. Some studies did not find any relation between working in COVID unit or
professional category with seropositivity (11,24) whereas other studies reported that

seroprevalence was strongly associated with patient related-work (16,22,25,38).

Contact with colleagues at work is potentially a risky situation for transmission among HCW
as well as the relaxation of protective measures at the end of the working day. In our study, the
on-site HCW who reported being exposed to COVID-19 by other colleagues presented an
almost four-fold probability of being seropositive. Most of the HCW declared to follow the
protective measures at the workplace, and no differences in seroprevalence were found

according to protective measures and hand hygiene.

Protecting HWC health is of paramount importance for reducing morbidity and mortality,
reducing transmission, and maintaining the health system capacity (39). Thus international
health authorities recommend screening strategies for SARS-CoV-2 infection in exposed or

high-risk HCW (40) as well as massive COVID-19 vaccination (41).

Significant differences exist in SARS-CoV-2 testing between countries, and existing
programmes focus on screening symptomatic rather than asymptomatic staff. Published studies
point out the fact that screening should be performed regardless of the absence of typical
symptoms for COVID-19 disease. It has been demonstrated that seroconversion can occur in
HCW who have suffered no previous symptoms of SARS-CoV-2 infection (42,43) as
asymptomatic transmission is very relevant in SARS-CoV-2 spread (44,45). Thus, the

approach for mass testing of both symptomatic and asymptomatic HCW could mitigate
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workforce depletion by unnecessary quarantine, reduce spread in atypical, mild, or

asymptomatic cases; and protect patients and health-care workforce.

Among the potential limitations of the study, some recall bias is possible as the data for the
correlates of SARS-CoV-2 infection rely on a self-administered questionnaire. Also, response
and perception biases must be considered, as well as complacency bias. Results, especially
those regarding the accomplishment of preventive measures, might be overestimated. Answers
reported in the questionnaire could be influenced by the participants’ knowledge regarding
their COVID status. However, this study is the first seroepidemiological study with such a large
sample size settled in an oncological health centre. The sufficient sample size and high response
rate (64.3%) are strengths of the study, although information regarding non-participants was
not collected, and we cannot disregard a potential participation bias. However, the distribution
by age and sex was similar between participants and non-participants and a possible reason for
no participation is that professionals from ICO-Badalona had previously participated in a HCW
county seroprevalence survey (12). Also, the fact that the information of the study and the
questionnaire was published online and sent by e-mail, as well as the short period of time
stablished to respond to it, could have limited the participation. Questionnaire completeness

was very high, with no variables presenting more than 5% of missing values.

In conclusion, SARS-CoV-2 seroprevalence among I[CO HCW at the end of the first wave of
the pandemic was lower than the reported in other Catalan hospitals, but higher than among
the general population living in the area. Whereas the main risk factor was living with infected
people, among on-site workers, contact with colleagues was associated with SARS-CoV-2
infection. Knowing the seroprevalence rate and follow-up evaluation of persistence may help
hospitals to characterize the staff at risk, rationalize their placement, prioritize the use of PPE,
thereby potentially reducing the risk of infection. Follow-up studies to evaluate long term
durability of antibodies among HCW will be of interest, after the introduction of COVID-19
vaccination among HCW, to better promote infection control in this group. Strengthening
preventive measures and health education among HCW is fundamental, especially in

oncological departments and centres.
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Figure 1

Participants' flowchart in the seroprevalence survey, Catalan Institute of Oncology. 21° May-26"

June 2020; Spain.

Invited to participate
n= 1,969

No participation
n =703 (35.7%)

Accepted participation
n = 1,266 (64.3%)

No serological test
n =28 (2.2%)

Excluded to participate
(no serological test, no self-reported results)
n =16 (1.3%)

Serological test performed
n=1,238 (97.8%)

Inconclusive serology results
n =3 (0.25%)

Included in the study
n = 1,235 (97.6%)
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Epidemiologic and behaviour questionnaire — ICO-Sero-COVID Study

I give my consent to participate in the study of seroprevalence of SARS-Cov-2 infection among ICO workers
and related companies, which includes responding to an epidemiological survey with information on working
conditions and obtaining a nasopharyngeal smear (to perform PCR test for virus detection) and/or to obtain
blood sample by venipuncture (to perform serological tests for antibody determination and plasma
cryopreservation at ICO biobank)

1=7Yes; 2 =No.

Thank you for participating in the COVID-19 seroprevalence survey among ICO workers. All information
provided below will be treated confidentially, and all resulting results will be anonymized, with no individual
data identifying participants.

A. Socio-demographic data.
1. Name string variable.

2. Last namel string variable.

3. Last name?2 string variable.

4. CIP string variable.

5. DNI numeric variable.

6. Sex numeric variable (1 = Woman; 2 = Man).

7. E-mail string variable.

8. ICO center or external company cathegoric variable (ICO-Gi, ICO-L’H, ICO-BDN, ICO-Tarragona-

Terres Ebre, Arcasa, IDIBELL, ISS, Security, IDI, Pregecsa, Veolia).

9. Professional category numeric variable (1 = Nurse; 2 = Fac. Specialist (medicine, pharmacy, physics,
psychologist); 3 = Higher Technician (Research, Predoc, Postdoc ...); 4 = MIR, FIR, PIR; 5 = Higher
Technician; 6 = Porter; 7 = Administrative; 8 = Maintenance/Security; 9 = Cleaning; 10 = Restoration; 11
= Other (specify: string variable ).

10. Work shift numeric variable (1 = Morning; 2 = Afternoon; 3 = Night; 4 = Other).

11. Did you telework for at least more than one day during the March to May 2020 period? numeric
variable (1 = Yes; 2 = No).

12. How many days on average per week do you telework? | | numeric variable (1 to 7).

B. Exposure and occupational safety measures data.

13. Have you worked in the “COVID area” during the period comprised between March and May
2020? numeric variable (1 = No; 2 = Yes).

14. Since the beginning of March 2020, have you had a suspected or confirmed clinical condition as
COVID-19? numeric variable (1 = Yes; 2 = No).

15. Since the beginning of March 2020, have you had a nasopharyngeal smears sample? numeric
variable (1 = Yes; 2 = No).

16. Do you belong to any of the groups considered to have an increased vulnerability to COVID -19?

a. Cardiopathy / Hypertension numeric variable (1 = Yes; 2 = No).

Respiratory disease numeric variable (1 = Yes; 2 = No).

Hepatopathy numeric variable (1 = Yes; 2 = No).

Nephropathy numeric variable (1 = Yes; 2 = No).

Active Cancer numeric variable (1 = Yes; 2 = No).

Immunosuppression numeric variable (1 = Yes; 2 = No).

Diabetes mellitus numeric variable (1 = Yes; 2 = No).

Pregnancy numeric variable (1 = Yes; 2 = No).

17. Have you had contact with patients with COVID-19 infection at ICO? numeric variable (1 = Yes; 2
=No).

18. Have you had contact with samples of COVID-19 patients at ICO? numeric variable (1 = Yes; 2 =
No).For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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19.

20.

21.

22.

23.

24.

25.
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When you are in your workplace, do you wear a surgical mask? numeric variable (1 = Yes; 2 =
No).

If you are in the COVID-19area, do you wear Personal Protective Equipment (PPE)? numeric
variable (1 = Yes; 2 = No, 3 = Not Applicable).

Do you think that the Personal Protective Equipment (PPE) removal procedure is safe? numeric
variable (1 = Yes; 2 = No, 3 =1 don’t know, 4 = Not Applicable).

Do you feel protected by the Personal Protective Equipment (PPE) used? numeric variable (1 =
Yes; 2 =No, 3 =1don’t know, 4 = Not Applicable).

Do you think that you may have been exposed to COVID-19 during personal relationships with
your co-workers? numeric variable (1 = Yes; 2 = No, 3 =1 don’t know).

Do you think that the protection procedures implemented during this pandemic period will
benefit you in your future professional development? numeric variable (1 = Yes; 2 =No, 3 =1don’t
know).

Do you think that the work activity carried out during this pandemic period has affected you or
will affect you emotionally in the future? numeric variable (1 = Yes; 2 = No, 3 =1 don’t know).

At work, do you wash your hands with soap or water or with a hydro-alcoholic solution...

26. ... before you start working? numeric variable (1 = Yes; 2 = No).
27. ... every time you enter a new workspace? numeric variable (1 = Yes; 2 = No).
28. ... before eating? numeric variable (1 = Yes; 2 = No).

29. ..
30. ...
31. ...
32.

33.

. after handling money, mobile phone, other utensils ...? numeric variable (1 = Yes; 2 = No).
less than 7 times during the working day? numeric variable (1 = Yes; 2 = No).
at the end of the working day? numeric variable (1 = Yes; 2 = No).

When you eat, do you maintain a distance > 2m from your colleagues? numeric variable (1 = Yes;
2 =No, 3 = Not Applicable).

Did your collegues cover thir face with their elbows when they sneeze / cough? numeric variable (1
=Yes; 2 =No).

C. COVID-19 exposure outside working environament (home and social activities).
Outside working environment, do you wash your hands (with soap and water or hydro-alcoholic
solution)...

34. ..
35. ..
36. ...
37. ..
38.
39.

40.
41.

42.

43.

44.

45.
46.

47.

48.

when you get home? numeric variable (1 = Yes; 2 = No).

before eating? numeric variable (1 = Yes; 2 = No).

after handling money, mobile phone, other utensils numeric variable (1 = Yes; 2 = No).

after cleaning? numeric variable (1 = Yes; 2 = No).

... after blowing your nose, sneezing or coughing? numeric variable (1 = Yes; 2 = No).

Do you shower and change clothes when you get home (or did you go to work)?: numeric variable
(1 =Yes; 2 =No).

Do you wear a mask when you go shopping? numeric variable (1 = Yes; 2 = No)

Do the people you live with cover their elbows if they sneeze / cough? numeric variable (1 = Yes; 2
=No)

Do you have a cohabitant who has passed COVID-19 (with symptoms, with or without
confirmation by PCR, or PCR + without symptoms)? numeric variable (1 = Yes; 2 = No).

Do you use public transport to go to work? numeric variable (1 = Yes; 2 = No)

If “yes”, continue with question 44, if “no , jump to question 46.

Which type of public transport? numeric variable (1 = bus, 2 = metro, 3 = train, 4 = taxi, 5 = bicycle
(multiple answer allowed)).

How many days a week do you use public transport? | | numeric variable (1 to 7).

Do you use private transportation to get to work? numeric variable (1 = Yes; 2 = No).

If “ves”, continue with question 47; if “no”, jump to question 49.

Which private transport? numeric variable (1 = single use car, 2 = shared car, 3 = single use bike, 4 =
shared bike, 5 = bike (multiple answer allowed)).

How mangrdayis peniye¢kido/ Yoy asenprivatetianspowt?/puidelinanghicréariable (1 to 7).
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. Do you walk the street for more than 15 minutes? numeric variable (1 = Yes; 2 = No).
If “yes”, continue with question 50; if “no”, jump to question 52.

. How many days a week do you go for a walk? | | numeric variable (1 to 7).

. For how many minutes a day do you go for a walk as an average: | | minutes / day numeric
variable.

D. COVID-19 tests performed

52

53.
54.
5S.

56.

57.
58.

. Have you had a COVID-19 PCR test? numeric variable (1 = Yes, only one; 2 = Yes, several; 3 =
No).

If “17, continue with question 53, if “2”, jump to question 55; if “3”, jump to question 59.

COVID-19 PCR test performed on day: | dd | mm | yy|.

COVID-19 PCR test result numeric variable (1 = Negative; 2 = Positive).

How many COVID-19 PCR test have you had in total? | | numeric variable (1 to 10).

Depending on the answer, open as many questions with the number of PCR made to ask the date and
result in the same format (Al and A2; Bl and B2; etc).

Al. COVID-19 PCR test performed on day: | dd | mm | yy|.

A2. COVID-19 PCR test result numeric variable (1 = Negative; 2 = Positive).

When you had your first COVID-19 PCR test, did you present any of these signs or symptoms?
numeric variable (multiple answer allowed) (1 = Febricula (>37.3°C); 2 = Fever (>38°C); 3 = Cough; 4
= Odynophagia (sorethroat); 5 = Headache; 6 = Arthromyalgia (generalized pain); 7 = Asthenia
(intense fatigue); 8 = Dyspnoea (shortness of breath); 9 = Anosmia (loss of smell); 10= Nausea,
vomiting; 11 = Diarrhea; 12 = Skin lesions; 13 = Myoclonus (involuntary movements); 14 =
Pneumonia; 15 = Other (specify: string variable ).

Have you had a COVID-19 rapid antibody test? numeric variable (1 = Yes; 2 = No).

COVID-19 rapid antibody test result numeric variable (1 = Negative; 2 = Positive).

Finally, we would like to complete the information provided with information about your lifestyle.
E. Lifestyle

59. Do you drink any alcoholic beverage at least once a week? numeric variable (1 = Yes; 2 = No).
If “yes”, continue with question 60; if “no”, jump to question 64.
60. How many glasses of wine do you drink every week? | | numeric variable
61. How many beers do you drink every week? | | numeric variable
62. How many glasses of cognac, gin or other spirits do you drink every week? | | numeric variable
63. Has your alcohol consumption changed during the pandemic compared to your consumption

64.

65.
66.

previously? numeric variable (1 = No, it is similar; 2 = Yes, it has increased; 3 = Yes, it has
decreased).

Regarding tobacco use: numeric variable (1 =I have never smoked; 2 = I am a former smoker; 3 =1
am a corrent smoker).

If “1”or “27, jump to question 67; If “3”, continue to question 65.

How many roll-ypur-own cigarrettes do you smoke every day? | | numeric variable

Has your tobacco consumption changed during the pandemic compared to your consumption
previously? numeric variable (1 = No, it is similar; 2 = Yes, it has increased; 3 = Yes, it has
decreased).

F. End of the survey

Thank

you very much for your participation. As mentioned before, all information from this survey and the

tests performed is confidential and will be anonymized.

If you
below:
67

would like to leave us any further comments regarding the pandemic at the ICO Centers, please do so

- Commentaries, Openansyer feave spage for ahout 7 /ines oL 1EXE es xhtm
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Supplementary Table 1. Demographic characteristics of on-site workers

(always/ocassionally) and teleworkers

Teleworking
Never/ocassionally (n=981)  Always (n=230) p-value
n (%) n (%)
Sex
Male 240 (25) 47 (20)
Female 736 (75) 183 (80) 0,183
Age [median, (min-max)] 43 (19-68.5) 44.9 (19-71.6) 0,015
<35y 271 (28) 38 (17)
35-49y 429 (44) 122 (53)
>49y 281 (29) 70 (30) 0,002
ICO Center
ICO L'Hospitalet 684 (70) 184 (80)
ICO Girona 182 (19) 17 (7)
ICO Badalona 103 (11) 29 (13)
ICO Tarragona / Terres de I'Ebre 12 (1) 0(0) <0.0001
Health care workers
Yes 567 (59) 72 (32)
No 402 (41) 152 (68) <0.0001
Middle and superior technicians 187 (19) 92 (41)
Porters 17 (2) 3
Administrative staff 90 (9) 35(16)
Maintenance or security stafft 29(3) 2(1)
Cleaning staff 46 (5) 15(7)
Restoration staff 16 (2) 2(1)
Others 17(2) 3 <0.0001
Any Comorbidity 142 (15) 38 (17) 0,4
Smoking history
Never 511 (54) 126 (56)
Ever 438 (46) 98 (44) 0,5
Past 277 (29) 66 (29)
Current 161 (17) 32 (14) 0,6
Cohabiting 889 (91) 209 (92) 0,8
Cohabiting with covid-19 115 (14) 27 (14) 0,9
Reported rRT-PCR previous to serology 422 (84) 42 (75) 0,1
Positive of previous rRT-PCR 62 (15) 10 (24) 0,1
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Supplementary Table 2. Clinical characteristics associated with SARS-CoV-2 positive serﬂ%‘é;p Qﬁl%ng those who report rRT-PCR previous to study serology

(n=469).

Total SARS-CoV-2
; participants seroprevalence Prevalence (95%CI)  p-value!  Adjusted PR (95% CI)?
: n (%) n (%)
4 Reported rRT-PCR previous to serology 469 (38.0) 86 (78.2) 18.34 (15.08-22.11)
5 Result of previous rRT-PCR
6 Negative 397 (84.6) 27 (31.0) 6.80 (4.70-9.74) REF
; Positive 72 (15.4) 59 (68.6) 81.94 (71.31-89.23) <0.001 12.15 (7.54-19.57)
9 Number of symptoms(mean, standard deviation) 1.65 (2.10) 3.08 (2.61) <0.001
10 None 217 (46.3) 21 (24.0) 9.68 (6.39-14.4) REF
N One 61 (13) 7 (8.1) 11.48 (5.56-22.21) 1.13 (0.48-2.67)
g 2-3 109 (23.2) 22 (25.6) 20.18 (13.66-28.78) 2.03 (1.10-3.73)
14 >4 81(17.3) 35 (40.7) 43.21 (32.87-54.18) <0.001 4.33 (2.48-7.59)
15 p-trend (among exposed) <0.001
16Reporting COVID-19 compatible symptoms when
17 yRT-PCR was performed
12 No 217 (46.3) 21 (24.0) 9.68 (6.39-14.4) REF
20 Yes 251 (53.5) 64 (74.4) 25.5 (20.48-31.27) <0.001 2.49 (1.51-4.10)
21 COVID-19 symptoms
22 Headache 126 (26.9) 36 (41.9) 28.57 (21.35-37.08) <0.001 1.87 (1.20-2.93)
23 Cough 119 (25.4) 37 (43.0) 31.09 (23.42-39.97) <0.001 2.25 (1.44-3.52)
;‘5‘ Asthenia 110 (23.5) 36 (41.9) 32.73 (24.6-42.04) <0.001 2.38 (1.53-3.72)
% Arthromyalgia 80 (17.1) 57 (66.0) 36.25 (26.47-47.31) <0.001 2.32 (1.47-3.67)
27 Low-grade fever (37.3°C-38°C) 73 (15.6) 26 (30.2) 35.62 (25.5-47.21) <0.001 2.71 (1.67-4.39)
28 Odynophagia 64 (13.6) 14 (16.3) 21.88 (13.39-33.65) 0.40 1.18 (0.65-2.13)
29 Diarrhoea 58 (12.4) 16 (18.6) 27.59 (17.62-40.43) 0.05 1.47 (0.83-2.60)
30 Anosmia 42 (9) 33 (38.4) 78.57 (63.65-88.48) <0.001 6.09 (3.86-9.60)
:; Dyspnoea 40 (8.5) 11 (12.8) 27.50 (15.91-43.2) 0.12 1.56 (0.81-3.00)
33 Fever (>38°C) 28 (6) 15 (17.4) 53.57 (35.4-70.84) <0.001 3.06 (1.71-5.46)
34 Nausea / vomiting 17 (3.6) 6(7) 35.29 (16.75-59.66) 0.07 1.86 (0.80-4.36)
35 Skin lesions 8 (1.7) 1(1.2) 12.50 (1.72-53.86) 0.66 0.74 (0.10-5.38)
36 Pneumonia 3(0.6) 2(2.3) 66.67 (15.27-95.69) 0.03 2.99 (0.71-12.63)
g; Myoclonus 2(0.4) 0 0.50
39Numbers do not always sum up the total due to some missing values (none of the categories present more than 5% of missing values). PR: Prevalence Ratio, CI: Confidence Interval. ! Chi-squared test for categorical
2(1) variables (Fisher's exact test corrected for continuity) and median test for continuous variables. 2 Adjusted for sex, age (continuous), ICO center, care staff, telework and cohabitants.
42
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies
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. . Item .

Section/Topic 4 Recommendation Reported on page #

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 3
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 3

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 5

Objectives 3 State specific objectives, including any prespecified hypotheses 5

Methods

Study design Present key elements of study design early in the paper 5

Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 5
collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 5

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 7
applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 7

measurement comparability of assessment methods if there is more than one group

Bias 9 Describe any efforts to address potential sources of bias 5,6,19

Study size 10 | Explain how the study size was arrived at 5

Quantitative variables 11 | Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 7
why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 8
(b) Describe any methods used to examine subgroups and interactions 8
(c) Explain how missing data were addressed 8
(d) If applicable, describe analytical methods taking account of sampling strategy NA
(e) Describe any sensitivity analyses NA

Results
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1

2 Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 9
i confirmed eligible, included in the study, completing follow-up, and analysed

5 (b) Give reasons for non-participation at each stage

6 (c) Consider use of a flow diagram

% Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential

2 confounders

10 (b) Indicate number of participants with missing data for each variable of interest 9
11 Outcome data 15* | Report numbers of outcome events or summary measures 12
1; Main results 16 | (o) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 12
14 interval). Make clear which confounders were adjusted for and why they were included

15 (b) Report category boundaries when continuous variables were categorized 9
16 (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

1; Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 15
19 Discussion

;? Key results 18 | Summarise key results with reference to study objectives 17
22 Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 21
23 magnitude of any potential bias

24 Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 17
;2 similar studies, and other relevant evidence

27 Generalisability 21 Discuss the generalisability (external validity) of the study results 21
;g Other information

30 Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 22
31 which the present article is based

32

gi *Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

35

36 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
37 checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

gg http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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ABSTRACT

Objectives Cancer patients are at higher risk for severe COVID-19 infection. COVID-19
surveillance of workers in oncological centres is crucial to assess infection burden and prevent
transmission. We estimate the SARS-CoV-2 seroprevalence among health care workers
(HCW) of a comprehensive cancer centre in Catalonia, Spain, and analyse its association with

sociodemographic characteristics, exposure factors and behaviours.
Design Cross-sectional study (215 May — 26™ June 2020).
Setting A comprehensive cancer centre (Institut Catala d’Oncologia) in Catalonia, Spain.

Participants All HCW (N=1,969) were invited to complete an online self-administered
epidemiological survey and provide a blood sample for SARS-CoV-2 antibodies detection.

Primary outcome measure Prevalence (%) and 95% confidence intervals (CI) of

seropositivity together with adjusted prevalence ratios (aPR) and 95%CI were estimated.

Results A total of 1,266 HCW filled the survey (participation rate: 64.0%) and 1,238
underwent serological testing (97.8%). The median age was 43.7 years (p25-p75: 34.8-51.0
years), 76.0% were female, 52.0% were nursing or medical staff, and 79.0% worked on-site
during the pandemic period. SARS-CoV-2 seroprevalence was 8.9% (95%CI: 7.44-10.63),
with no differences by age and sex. No significant differences in terms of seroprevalence were
observed between onsite workers and teleworkers. Seropositivity was associated with living
with a person with COVID-19 (aPR: 3.86, 95%CI: 2.49-5.98). Among on-site workers,
seropositive participants were twofold more likely to be nursing or medical staff. Nursing and
medical staff working in a COVID-19 area showed a higher seroprevalence than other staff

(aPR: 2.45, 95% CI: 1.08-5.52).

Conclusions At the end of the first wave of the pandemic in Spain, SARS-CoV-2
seroprevalence among Institut Catala d’Oncologia HCW was lower than the reported in other
Spanish hospitals. The main risk factors were sharing household with infected people and
contact with COVID-19 patients and colleagues. Strengthening preventive measures and health

education among HCW is fundamental.

Keywords SARS-CoV-2; COVID-19; seroprevalence; antibody; health care workers;
epidemiology.
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ARTICLE SUMMARY

Strengths and limitations

e Seroepidemiological study with a large sample size settled in a comprehensive cancer
center.

¢ Questionnaire completeness was very high, with no variables presenting more than 5%
of missing values.

e Recall bias is possible as the data for the correlates of SARS-CoV-2 infection rely on a
self-administered questionnaire.

e The accomplishment of preventive measures might be overestimated: response and
perception biases must be considered, as well as complacency bias.

e Answers reported in the questionnaire could be influenced by the participants’

knowledge regarding their COVID status.

INTRODUCTION

Frontline health care workers (HCW) dealing with COVID-19 have higher exposure to SARS-
CoV-2 than the general population (1), and they can contribute to the spread of COVID-19 as
per their exposure to vulnerable patients. Since the beginning of the pandemic, several studies
have been published on SARS-CoV-2 infections prevalence in HCW, although with diverse
results. A meta-analysis of 49 studies, including 127,480 health care workers, showed that the
overall seroprevalence of SARS-CoV-2 antibodies in the European region was 8.5% (2). HCW
in Spain have been highly affected: a total amount of 154,636 cases among HCW were already
officially notified by December 2, 2021 at the onset of the sixth pandemic wave (3,4).

Cancer patients are vulnerable, presenting a high risk for COVID-19 infection and more severe
outcomes due to their immunosuppression status (5). The pandemic has presented
unprecedented professional and personal challenges for the oncology community (6). Data are
lacking on the seroprevalence of SARS-CoV-2 among HCW in oncological centres, and small
sample sizes limit the few published studies. The present study aims to estimate the
seroprevalence of SARS-CoV-2 and associated sociodemographic and behavioural risk factors
among workers of the Catalan Institute of Oncology (ICO), a Comprehensive Cancer Centre
comprised of four hospitals in Catalonia (Spain), covering around 40% of the adult population

in Catalonia (7).
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PARTICIPANTS AND METHODS
Study design and setting

A cross-sectional study including blood sample collection and a self-administered
questionnaire was conducted between 215t May and 26" June 2020 in the four ICO centres

(L’Hospitalet de Llobregat, Badalona, Tarragona/Terres de I’Ebre and Girona).

The study population were HCW delivering care and services to patients (directly or indirectly)
and support staff, including those who do not deliver care but work in other tasks within the
hospital. A total of 1,969 employees of ICO were invited to participate in the study through an
email that allowed access to the study information. The inclusion criteria were: a) to be an
active worker during the epidemic period, (1%t February - 26" June 2020) and b) to be aged
>18years. The participants filled in an online epidemiological questionnaire and were
scheduled for serology testing by the Occupational Health Department. 1,266 HCW filled in
the online epidemiological questionnaire (participation rate: 64.3%) and 1,238 of them (97.8%)
underwent a serology test. Three participants with inconclusive serological results were

excluded. The final analysis included 1,235 participants (Figure 1).

Figure 1 about here

Epidemiological questionnaire and study variables

An epidemiological questionnaire was programmed online to collect information regarding
sociodemographic characteristics, working information, compliance of personal protective
equipment (PPE) measures at work, at home and history of previous COVID-19 infection
(Supplemental Material). The questionnaire was developed based on previous
epidemiological studies conducted within the ICO centres, and a modified version was used in
another seroprevalence study performed among university personnel of the University of

Barcelona (8).

Sociodemographic characteristics included information on age and sex, ICO centre of

recruitment, presence of comorbidities, smoking history, pregnancy and cohabitants.
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Work-related conditions included the professional category, teleworking status, type of shift,
working on a COVID-19 area, contact with COVID-19 cases, contact with biological samples
and reporting to be exposed to COVID-19.

Concerning PPE measures at work, participants were asked about feeling protected with PPE
and compliance with PPE measures. Regarding the application of preventive measures outside
the working setting, participants were asked if they got a shower after leaving the workplace
or when arriving home, if they changed clothes after work or upon home arrival, as well as
about hand washing and use of face mask when shopping. Information about COVID-19 cases
and protective measures were also collected among those participants reporting cohabitants.

Participants were also asked about the type of transport used to go to work.

Participants were asked about a previous diagnosis of COVID-19 performed by rRT-PCR or
serology test and date of diagnosis, as well as reporting COVID-19 compatible symptoms, and
the type of symptoms.

SARS-CoV-2 laboratory testing

Serum samples from participants at L’Hospitalet, Girona and Tarragona/Terres de 1’Ebre were
studied at the Microbiology Department of Hospital de Bellvitge and samples from health-care
workers at [CO Badalona were analysed at the MetroNord Regional Clinical Laboratory, using
the same procedures and techniques in both laboratories. Detection of SARS-CoV-2 antibodies
was carried out using the quantitative SARS-CoV-2 S1/S2 IgG LIAISON® test (DiaSorin,
Vercelli, Italy) on the LIAISON XL platform, following the manufacturer’s instructions. This
test discriminates among negative (<I12AU/mL; with 3.8 as IgG detection limit), equivocal
(12.0-15.0AU/mL) and positive (>15.0AU/mL) subjects. In those cases in which a) IgG anti
S1/S2 quantification was higher than the limit of detection (i.e.>3.8 AU/mL) but did not reach
the limit of discrimination (i.e.<ISAU/mL) and/or b) when the HCW answered the
questionnaire saying that he or she had been diagnosed of COVID-19 but IgG anti S1/S2 where
lower than 15 AU/ml, an additional serological study was performed using a different antigen
(N) as a target. In this case, a SARS-CoV-2 IgG test (Abbott Diagnostics, Sligo, Ireland) was
run on an Architect 12000 platform. This test discriminates among negative (<1.4Index (S/C))

and positive (>1.4Index (S/C)) subjects.
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Case definition

A seropositive case of SARS-CoV-2 was defined as seropositivity to IgG independently of

previous self-reported results.
Patient and Public Involvement

No patient was involved in the study.
Statistical analysis

Crude global and by subgroups SARS-CoV-2 seroprevalence and 95% confidence intervals
(CI) were calculated. Differences in the distribution of study variables between seropositive
and seronegative participants were assessed using chi-squared test for categorical variables,
and parametric or non-parametric tests were performed for normal and non-normal continuous
variables, respectively. Prevalence ratios (PR) and 95% confidence intervals (CI) were
estimated using Poisson regression models with robust variance (9). Prevalence ratios were
adjusted (aPR) for statistically significant variables in the bivariate analysis and those
considered relevant for the study design. Thus, adjusted models included sex, ICO centre of
recruitment, age, type of HCW, teleworking and cohabitants. Linear trends for variables with
ordinal categories was based in the likelihood ratio test of the model with the ordinal variable
as a continuous one. P-values were based on 2-sided hypothesis tests and considered significant
at p<0.05. All analyses were conducted using Stata version 16.0 (StataCorp LP, College

Station, Texas).
Ethical considerations

The present study was approved by the Hospital Universitari de Bellvitge Ethics Committee
(PR205/20). The study follows the Helsinki Declaration and subsequent amendments, and
Spanish data confidentiality laws (General data protection regulation Organic Law 3/2018, EU
General data protection Regulation 2016/679 and Law 14/2007 for biomedical research). All
participants signed an informed consent form after receiving information of the study and prior
to obtaining biological samples. The biological material obtained was kept at ICO and

processed under the appropriate measures to preserve the confidentiality of the results and data.
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RESULTS

A total of 1,235 HCW with serological results (Figure 1) were included in the analysis: 76.0%
were female, the median age was 43.7 years (p25-p75: 34.8-51.0 years), 52.2% were nursing
or medical staff, and 18.6% of the participants teleworked full-time during the study period
(Table 1). Up to 14.7% of the participants reported at least one comorbidity. Regarding
smoking habits, 16.0% were current smokers, and 28.2% reported to be former smokers (Table

1). Seven women were pregnant, and none of them showed seropositivity.

The overall crude SARS-CoV-2 seroprevalence was 8.9% (95%CI: 7.44-10.63), with no
statistically significant differences by neither age group nor sex, and the seroprevalence for
nursing and medical staff was 11.6% (95%CI: 9.37-14.34). After fully adjustment, the main
determinants of higher seroprevalence included working at ICO Girona compared to workers
at ICO L’Hospitalet (aPR: 1.52, 95%CI: 0.97-2.38), and nursing or medical staff compared to
other groups (aPR: 2.04, 95%CI: 1.33-3.14) (Table 1).
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178 Table 1. Sociodemographic characteristics associated with SARS-CoV-2 positive serology among study participants (N=1,235).

1
129
3 . SARS-CoV-2
180 Total participants 1 o . o ,
seroprevalence Prevalence (95%CI) p-value aPR (95% CI)
. n (%) n (%)
1§1 Study participants 1,235 110 8.91 (7.44-10.63)
8 Sex
13?% Male 291 (23.6) 27 (24.5) 9.28 (6.44-13.20) REF
11 Female 939 (76.0) 83 (75.5) 8.84 (7.18-10.83) 0.82 0.82 (0.53-1.28)
192 Aselmedian, (p25-p75)] 43.7 (34.8-51.0) 42.8 (32.0-50.1) 0.62 0.99 (0.97-1.01)
13 <35 years 313 (25.3) 33 (30.0) 10.54 (7.59-14.46) REF
14 35-49 years 566 (45.8) 47 (42.7) 8.30 (6.29-10.88) 0.85 (0.55-1.34)
184 >49 years 356 (28.8) 30 (27.3) 8.43 (5.95-11.80) 0.5 0.88 (0.53-1.46)
16 ICO Center
lgg ICO L'Hospitalet 885 (71.7) 73 (66.4) 8.25 (6.61-10.25) REF
19 1CO Girona 204 (16.5) 29 (26.4) 14.22 (10.06-19.72) 1.52 (0.97-2.38)
1§8 1CO Badalona 134 (10.9) 7 (6.4) 5.22 (2.51-10.56) 0.54 (0.25-1.19)
21 ICO Tarragona / Terres de
22 I'Ebre 12 (1.0) 1(0.9) 8.33 (1.16-41.38) 0.02 1.07 (0.15-7.83)
1837
24 Professional category
1§§ Nursing staff 380 (30.8) 43 (39.0) 11.32 (8.50-14.92) REF
27 Medical Staff? 265 (21.5) 32 (29.1) 12.08 (8.67-16.58) 1.07 (0.65-1.76)
1%@ ?jéiiii;’;i supertor 285 (23.1) 14 (12.7) 491 (2.93-8.13) 0.41 (0.22-0.77)
30 Service staff’ 114 (9.2) 2(1.8) 7.02 (3.55-13.42) 0.69 (0.31-1.54)
190 Porter 21 (1.7) 8(7.3) 9.52 (2.39-31.16) 0.74 (0.17-3.24)
32 Administrative 129 (10.4) 8(7.3) 6.20 (3.13-11.92) 0.54 (0.25-1.16)
1;; Other 20 (1.6) 1(0.9) 5.00 (0.70-28.26) 0.03 0.50 (0.07-3.71)
35
36 Nursing or medical staff* 645 (52.2) 75 (68.2) 11.63 (9.37-14.34) <0.001 2.04 (1.33-3.14)
1%3 Other staff’ 569 (46.1) 33 (30.0) 5.80 (4.15-8.05) REF
38
1@% Telework
4 Never/Occasionally 981 (79.4) 86 (78.1) 8.77 (7.15-10.71) REF
Z; Always 230 (18.6) 23 (20.9) 10.00 (6.72-14.63) 0.56 1.60 (0.98-2.59)
ji For peer review only - http://bmjope%.bmj.com/site/about/guidelines.xhtml
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Table 1 (continued)
Total participants SARS-CoV-2 Prevalence (95%CI) p-value’ aPR (95% CI)3
seroprevalence

Shift work

Morning 545 (44.1) 49 (45.0) 8.99 (6.86-11.7) REF

Evening 140 (11.3) 10 (9.1) 7.14 (3.88-12.77) 0.56 (0.34-0.93)

Split shift (morning-evening) 417 (33.8) 38 (34.5) 9.11 (6.7-12.28) 0.88 (0.57-1.37)

Night 88 (7.1) 10 (9.1) 11.36 (6.22-19.86) 0.95 (0.46-1.96)

Other 25(2) 3(2.7) 12 (3.92-31.32) 0.83 1.15 (0.35-3.75)
Comorbidities®

None 1,054 (85.3) 99 (90.0) 9.39 (7.77-11.31) REF

Yes 181 (14.7) 11 (10.0) 6.08 (3.4-10.64) 0.15 0.67 (0.36-1.25)
Smoking history

Never 650 (52.6) 80 (72.7) 12.31 (9.99-15.07) REF

Past 348 (28.2) 22 (20.0) 6.32 (4.20-9.42) 0.57 (0.35-0.93)

Current 198 (16.0) 8(7.3) 4.04 (2.03-7.87) 0.0002 0.38 (0.18-0.79)
Cohabitants

Yes 1,119 (90.6) 95 (86.0) 8.49 (6.99-10.27) REF

No 104 (8.4) 15 (13.6) 14.42 (8.88-22.57) 0.04 1.48 (0.83-2.66)

Numbers do not always sum up the total due to some missing values (none of the categories present more than 5% of missing values).

aPR: adjusted Prevalence Ratio, CI: Confidence Interval, p25: 25% percentile, p75: 75% percentile.

"'Nursing staff: nurses and nursing assistants.
2 Medical staff: resident physicians and specialists.

3 Service staff: security, maintenance, cleaning and kitchen.
4 Nurses, nursing assistants, resident physicians and specialists.

3Middle and superior technicians, security, maintenance, cleaning, kitchen, porter, administrative, and other.

Page 12 of 33

¢ Comorbidities: hypertension, obesity (BMI>30), heart disease, liver disease, diabetes, chronic respiratory disease, renal disease, cancer, autoimmune disorders and other immunological

disorders.

7 Chi-squared test for categorical variables (Fisher's exact test corrected for continuity) and median test for continuous variables.

8 Adjusted for sex, age (continuous), ICO centre, type of health care workers, telework and cohabitants.
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Seroprevalence among on-site workers was 8.8% (95%CI: 7.15-10.71) (Table 2). Onsite
workers were younger, mostly health care workers, and reported more frequently rRT-PCR
previous to serology than teleworkers, but no differences were observed in sex, self-reported
comorbidities, smoking history, cohabiting with COVID-19 positive case between them and
teleworkers (Supplemental Material). Among this group (NV=981) of professionals who never
or occasionally teleworked SARS-CoV-2 seropositivity was not associated with not working
in a COVID-19 area (aPR: 1.29, 95%CI: 0.81-2.06), nor being in contact with COVID-19
biological samples (aPR: 1.30, 95%CI: 0.77-2.20) nor being in contact with patients with
COVID-19 (aPR: 1.09, 95%CI: 0.66-1.79) were associated with SARS-CoV-2 positivity
(Table 2). On-site nursing or medical staff who worked in a COVID area had twofold SARS-
CoV-2 seroprevalence than others who did not work in COVID area (aPR: 2.45, 95%CI: 1.08-
5.52). Seropositivity was higher among those whom referred being exposed by interacting with
colleagues (aPR: 3.26, 95%CI: 1.49-7.15). On-site workers who self-reported symptoms of
COVID-19 were almost 10-fold more likely to be seropositive than those who did not (aPR:
9.5, 95%CI: 5.34-17.03). Most of the on-site workers were highly adherent to the
recommendation of hand hygiene at work. Hand washing before eating or working, were
followed by more than 97% of on-site workers, whereas around 24% of them reported not hand
hygiene after working or a low frequency of handwashing during the workday. In relation to
protective measures at work, 17.4% of the on-site workers did not feel protected with PPE, and
12.1% did not use PPE with confirmed or suspicious COVID-19 cases. About colleagues’
behaviour, 2m safety distance from colleagues when having lunch was reported to be

unfollowed by 14.1% (Table 2).

1
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Table 2. Occupational factors associated with SARS-CoV-2 positive serology among on-site workers (N=981).

BMJ Open

’I“o.tal SARS-CoV-2 Adjusted PR
participants seroprevalence Prevalence (95%CT) p-value? (95% CI) 3
n (%) n (%)
On-site workers 981 (79.4) 86 (78.1) 8.77 (7.15-10.71) 0.56
Type of transport to work
Private 751 (76.6) 66 (76.7) 8.79 (6.96-11.04) REF
Public 154 (15.7) 15 (17.4) 9.74 (5.95-15.54) 1.32 (0.74-2.36)
Private and Public 35(3.6) 2(2.3) 5.71 (1.43-20.19) 0.63 (0.15-2.58)
Walking 37(3.8) 3(3.5) 8.11 (2.63-22.34) 0.89 0.57 (0.14-2.35)
Working in a COVID-19 area
No | 398 (40.6) 29 (33.7) 7.29 (5.11-10.29) REF
Yes | 545(55.6) 55(63.9) 10.09 (7.83-12.92) 0.14 1.29 (0.81-2.06)
Type of and COVID area !
Non-assisting HCW & never worked in a COVID-19 area 148 (15.1) 7(8.0) 4.73 (2.27-9.6) REF
Non-assisting HCW & ever worked in a COVID-19 area 230(23.4) 13 (15.1) 5.65(3.31-9.5) 1.12/(0.44-2.82)
Assisting HCW & never worked in a COVID-19 area 244 (24.9) 22 (25.6) 9.02 (6.01-13.32) 1.81(0.77-4.26)
Assisting HCW & ever worked in a COVID-19 area 311 (31.7) 40 (46.5) 12.86 (9.57-17.07) 0.006 2.45 (1.08-5.52)
p-trend 0.26
Contact with COVID-19 cases
No 333 (33.9) 23 (26.7) 6.91 (4.63-10.18) REF
Yes 536 (54.6) 57 (66.3) 10.63 (8.29-13.54) 0.07 1.30 (0.77-2.20)
Contact with COVID-19 biological samples
No 646 (65.9) 51(59.3) 7.89 (6.05-10.24) REF
Yes 282 (28.7) 30 (34.9) 10.64 (7.54-14.81) 0.17 1.09 (0.66-1.79)
Reporting to be exposed to COVID-19 by interacting with
colleagues at work
No 242 (24.7) 66 (76.7) 2.89 (1.38-5.95) REF
Yes 608 (62.0) 7 (8.1) 10.86 (8.62-13.59) <0.0001 3.26 (1.49-7.15)
Reporting COVID-19 compatible symptoms
No 623 (63.5) 15 (17.4) 2.41 (1.46-3.96) REF
Yes 306 (31.2) 68 (79.1) 22.22 (17.91-27.23) <0.0001 9.53 (5.34-17.03)
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Table 2 (continued)

Total SARS-CoV-2 ° 2 Adjusted PR
participants seroprevalence Prevalence (95%CT) p-value (95% CI) 3

Not following protection measures at work

Felt protected with PPE 132 (17.4) 12 (16.9) 9.09 (5.23-15.34) 0.83 0.98 (0.51-1.88)

Colleagues cover themselves with their elbows when 155 (15.8) 21 (24.4) 13.55 (9.00-19.90) 0.01 1.70 (1.01-2.87)

sneezing/coughing

2m safety distance from colleagues during lunch 127 (14.1) 12 (15.6) 9.45 (5.44-15.91) 0.71 1.06 (0.56-1.99)

g;ef{tf PE with confirmed or suspicious COVID-19 79 (12.1) 7 (10.45) 8.86 (4.28-17.46) 0.63 1.01 (0.45-2.26)

PPE removal safety 48 (7.3) 3(4.6) 6.25 (2.03-17.68) 0.33 0.54 (0.17-1.74)

Personal use of mask 34 (3.5) 1(1.2) 2.94 (0.41-18.17) 021 0.41 (0.06-2.99)

Colleagues use ofsurgical mask 7 (0.7) 1(1.2) 14.29 (1.96-58.12) 0.62 1.68 (0.23-12.29)
Not following hand hygiene at work

<7 times during workday 233 (23.8) 15(17.4) 6.44 (3.92-10.41) 0.13 0.71 (0.39-1.28)

Afier money, phone and other personal tools 175 (17.8) 16 (18.6) 9.14 (5.67-14.41) 0.89 1.00 (0.58-1.74)

manipulation

Every time entering in a new workspace 102 (10.4) 5 (5.8) 4.90 (2.05-1 1 .25) 0.14 0.55 (0.22—1.37)

Before working 21 (2.1) 3.5 14.29 (4.67-36.17) 0.37 1.72 (0.54-5.47)

After finishing the workday 17 (1.7) 1(1.2) 5.88 (0.82-32.09) 0.67 0.65 (0.09-4.72)

Before eating 9 (0.9) 2(2.3) 22.22 (5.59- 57.95) 0.16 2.67 (0.65-10.94)

Numbers do not always sum up the total due to some missing value (none of the categories present more than 5% of missing values).
PR: Prevalence Ratio, CI: Confidence Interval, HCW: Health Care Workers.

I Assisting HCW: nurses, nursing assistants, resident physicians and specialists; otherwise, classified and non-assisting HCW.

2 Chi-squared test.

3 Adjusted for sex, age (continuous), ICO centre, care staff, telework and cohabitants.
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Concerning the correlates of seropositivity according to household factors for all participants
(Table 3), seropositivity was associated with living with a COVID-19 positive person (aPR:
3.86, 95%CI: 2.49-5.98). Up to 17.3% of the participants did not take a shower nor change
clothes upon home arrival, but the majority (99.0%) did hand hygiene. The least followed hand
hygiene home practices were after money, phone and other personal tools manipulation, and
after nose blowing, coughing or sneezing (23.5% and 22.7%). However, not following
protection measures or hand hygiene at home were associated with a higher SARS-CoV-2

seroprevalence.

Clinical characteristics were collected for those participants (N=469) who reported a rRT-PCR
performed previous to serology (Supplemental material). The majority of the patients with a
positive serology and reporting a positive rRT-PCR presented compatible COVID-19
symptoms (74.4%). Among seropositive patients, the most common symptoms were
arthromyalgia, cough, headache, asthenia and anosmia. Reporting a positive rRT-PCR when
presenting compatible symptoms was associated with a threefold higher prevalence of
seropositivity (aPR: 3.10, 95%CI: 1.78-5.31). An increased number of compatible symptoms
was also associated with a higher seroprevalence (aPR: 7.4, 95%CI: 1.78-5.31, for presenting

four or more symptoms compared to no symptoms).
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Table 3. Household factors associated with SARS-CoV-2 positive serology among study participants (n=1,235).

Total participants SARS-CoV-2 .
seroprevalence Prevalence (95%CI) p-value ? Adjusted PR (95% CI) 3
n (%) n (%)
Study participants 1,235 110 8.91 (7.44-10.63)
Cohabitants with COVID-19!
No 894 (79.9) 52 (54.7) 5.82 (4.46-7.56) REF
Yes 141 (12.60) 34 (35.8) 24.11 (17.76-31.86) <0.0001 3.86 (2.49-5.97)
Cohabitants cover themselves with their
elbow when sneezing
No 158 (14.1) 18 (18.9) 11.39 (7.29-17.37) REF
Yes 919 (82.1) 73 (76.8) 7.94 (6.36-9.88) 0.15 0.73 (0.43-1.22)
Not following protection measures at
home*
Use of face mask when shopping 17 (1.4) 2 (1.8) 11.76 (2.95-36.86) 0.67 0.98 (0.24-4.05)
Shower and clothes changin
afterwork or upon home frrial 214 (17.3) 20 (18.2) 9.35(6.11-14.05) 0.82 1.02 (0.62-1.69)
Not following hand hygiene at home*
Upon arrival 12 (1) 2(L.8) 16.67 (4.19-47.76) 0.35 1.59 (0.39-6.60)
Before eating 60 (4.9) 9(8.2) 15.00 (7.99-26.4) 0.09 1.55(0.77-3.12)
Afier money, phone and other 290 (23.5) 27 (24.6) 9.31 (6.46-13.24) 0.71 1.01 (0.65-1.58)
personal tools manipulation
After cleaning 110 (8.9) 8(7.3) 7.27 (3.68-13.88) 0.53 0.78 (0.38-1.61)
After nose blowing 280 (22.7) 25(22.7) 8.93 (6.1-12.88) 0.99 0.93 (0.58-1.48)

Numbers do not always sum up the total due to some missing values (none of the categories present more than 5% of missing values).

PR: Prevalence Ratio, CI: Confidence Interval.

! Analyses performed among those participants who reported having cohabitants (n=1,119).

2 Chi-squared test.

3 Adjusted for sex, age (continuous), ICO center, care staff, telework and cohabitants.
4 Unfollowing the measures of protection and hand hygiene recommendations.
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DISCUSSION

Despite the impact of COVID-19 in oncological patients (10), there are scarce SARS-CoV-2
seroprevalence studies in comprehensive cancer centres with large sample sizes. The global
SARS-CoV-2 seroprevalence was 8.9% during the first wave of the COVID-19 pandemic,
lower than expected, owing to the presumed higher risk among HCW. Also, it was lower than
the reported estimates in two studies performed among HCW in Catalonia between March-
April and May 2020, showing a seroprevalence of 11.2% (11) and 10.3% (12), respectively. In
all cases, the seroprevalence was higher than in the general population, estimated to be of a
maximum of 7.4% in the Barcelona metropolitan area when the study was conducted (13).
Seroprevalence studies interpretation must be related to the average COVID-19 prevalence at
the time of blood collection. Both of the mentioned studies were carried out earlier than ours,
which was performed approximately one month later (21 May-26" June 2020), and two
months after the first-wave peak in Catalonia (23" March) (14). Another explanation for this
lower seroprevalence in our Centre concerns the participation: all active HCW, regardless of
their teleworking status during the previous months or work absenteeism, were invited to
participate, and most did (64%). In contrast, Garcia-Basteiro’s (11) and Barallat’s (12) studies
comprised general hospitals (10,11) and primary health care centers (12) in which the incidence

could be higher than in a monographic cancer centre.

Several studies regarding COVID-19 infections in HCW in Spain have been published,
although showing diverse results. In a tertiary-care hospital in Mallorca, with low regional
seroprevalence in the general population (<2%), the prevalence of infected HCW (n=2,210)
was 2.8%(15). Varona et al. performed a cross-sectional study evaluating 6,038 employees
from the healthcare system of 17 hospitals across four regions in Spain (Madrid, Catalonia,
Galicia and Castilla-Leon), showing an 11% seropositivity for SARS-CoV-2 IgG (16). Finally,
other studies in Madrid, reported a seroprevalence between 16.6% and 36.5% among HCW in
areas with high COVID-19 prevalence (17-19). These studies revealed seroprevalence of
SARS-CoV-2 IgG antibodies in HCW tend to be higher than in the general population, at

variance according to regional COVID-19 incidence.

The prevalence of SARS-CoV-2 antibodies among HCW has been increasingly investigated in
many other countries showing a broad range of outcomes. So far, two systematic reviews
estimated an overall seroprevalence of SARS-CoV-2 antibodies of 8.7% and 8.0% among

127,480 HCW and 168,200 HCW, respectively, before vaccination started (2,20).
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Seroprevalence was higher in studies conducted in North America (12.7%) compared with

those conducted in Europe (8.5%), Africa (8.2) and Asia (4%) (2).

In Europe, seroprevalence rates among HCW in Germany, Denmark and Belgium were low
(1.6%, 4.0% and 6.4%, respectively) (21-23). These studies were conducted during early
stages of the epidemic, and therefore, they derived that infection was community-acquired.
Also, the Belgian study, with a sample size of almost 30,000 HCW, notes that the high
availability of PPE, high standards of infection prevention, and PCR screening in symptomatic
staff, coupled with contact tracing and quarantine, might explain the relatively low
seroprevalence (23). An study performed in Lombardy, Italy (24), one of the Italian regions
most hit by the first epidemic wave, showed a seroprevalence of 7.4% (3.8-11.0%), similar to
the observed in the Catalan studies (11,12). Sweden and the UK were the two European
countries reporting the highest seropositivity rates among HCW: 19.1% and between 18.0%
and 45.3%, respectively (25-27). In the UK, this high seroprevalence was settled in London
during the week with the highest number of new cases in the city in the first wave, with around
15% seropositivity among the general population. In the USA, the prevalence of infection
among HCW was 10.7%, despite high variation, as low as 1.1% in California (28) to 13.7% in
New York State (29).

Despite SARS-CoV-2 seropositivity rate in oncological HCW has significant implications for
oncological patients, scant research has been done. The only study published with a large
sample size was in Tokyo, Japan, and it showed a very low seroprevalence of 0.67% among
1,190 HCW. It was performed at the end of the first wave in Japan, between the 3" of August
and the 30 of October 2020, so this may explain the lower seroprevalence compared with our
estimation. A French study performed among 663 HCW and 1,011 cancer patients, after the
end of the first wave, showed also low seroprevalence both for HCW and patients (1.8% and
1.7%, respectively) (30). Other studies that have been published were based on small sample

sizes and showed very variable seroprevalence rates (22,31-35).

In our study, we found no differences in HCW seroprevalence according to sex, age and
presence of comorbidities. Current or past smoking was however inversely associated to
SARS-CoV-2 seroprevalence. Early studies in selected cohorts of COVID-19 patients showed
a paradoxical higher risk of SARS-CoV-2 infection among non-smokers (36) whilst ever
smokers showed higher risk of COVID-19 progression, including severity of the disease,
Intensive Care Unit admission and death (27,28,37).
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It is worth mentioning that, unlike most of the other published seroepidemiological studies
among HCW, the present study was performed among all the HCW of the institution,
regardless they did full-time telework during the study period (21.6%). No differences by
telework were found, and among all study participants the main factor associated with SARS-
CoV-2 seropositivity was living with a COVID-19 case, with a times higher probability,
similarly to what has been described in other studies (2,20). This finding supports the

importance of community dissemination of the infection also for HCWs.

Our study shows that among on-site HCW in an oncological centre, working as medical care
staff (nursing, nursing assistant, resident physicians and specialists) in COVID-19 areas stood
out as one of the main factors associated with developing SARS-CoV-2 antibodies. Published
results regarding the possibility of in-hospital infection among HCW and transmission at work
are controversial. Some studies did not find any relation between working in COVID unit or
professional category with seropositivity (11,24) whereas other studies reported that

seroprevalence was strongly associated with patient related-work (16,22,25,38).

Contact with colleagues at work is potentially a risky situation for transmission among HCW
as well as the relaxation of protective measures at the end of the working day. In our study, the
on-site HCW who reported being exposed to COVID-19 by other colleagues presented an
almost four-fold probability of being seropositive. Most of the HCW declared to follow the
protective measures at the workplace, and no differences in seroprevalence were found

according to protective measures and hand hygiene.

Protecting HWC health is of paramount importance for reducing morbidity and mortality,
reducing transmission, and maintaining the health system capacity (39). Thus international
health authorities recommend screening strategies for SARS-CoV-2 infection in exposed or

high-risk HCW (40) as well as massive COVID-19 vaccination (41).

Significant differences exist in SARS-CoV-2 testing between countries, and existing
programmes focus on screening symptomatic rather than asymptomatic staff. Published studies
point out the fact that screening should be performed regardless of the absence of typical
symptoms for COVID-19 disease. It has been demonstrated that seroconversion can occur in
HCW who have suffered no previous symptoms of SARS-CoV-2 infection (42,43) as
asymptomatic transmission is very relevant in SARS-CoV-2 spread (44,45). Thus, the

approach for mass testing of both symptomatic and asymptomatic HCW could mitigate
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workforce depletion by unnecessary quarantine, reduce spread in atypical, mild, or

asymptomatic cases; and protect patients and health-care workforce.

Among the potential limitations of the study, some recall bias is possible as the data for the
correlates of SARS-CoV-2 infection rely on a self-administered questionnaire. Also, response
and perception biases must be considered, as well as complacency bias. Results, especially
those regarding the accomplishment of preventive measures, might be overestimated. Answers
reported in the questionnaire could be influenced by the participants’ knowledge regarding
their COVID status. However, this study is the first seroepidemiological study with such a large
sample size settled in an oncological health centre. The sufficient sample size and high response
rate (64.3%) are strengths of the study, although information regarding non-participants was
not collected, and we cannot disregard a potential participation bias. However, the distribution
by age and sex was similar between participants and non-participants and a possible reason for
no participation is that professionals from ICO-Badalona had previously participated in a HCW
county seroprevalence survey (12). Also, the fact that the information of the study and the
questionnaire was published online and sent by e-mail, as well as the short period of time
stablished to respond to it, could have limited the participation. Questionnaire completeness

was very high, with no variables presenting more than 5% of missing values.

In conclusion, SARS-CoV-2 seroprevalence among I[CO HCW at the end of the first wave of
the pandemic was lower than the reported in other Catalan hospitals, but higher than among
the general population living in the area. Whereas the main risk factor was living with infected
people, among on-site workers, contact with colleagues was associated with SARS-CoV-2
infection. Knowing the seroprevalence rate and follow-up evaluation of persistence may help
hospitals to characterize the staff at risk, rationalize their placement, prioritize the use of PPE,
thereby potentially reducing the risk of infection. Follow-up studies to evaluate long term
durability of antibodies among HCW will be of interest, after the introduction of COVID-19
vaccination among HCW, to better promote infection control in this group. Strengthening
preventive measures and health education among HCW is fundamental, especially in

oncological departments and centres.
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Figure 1

Participants' flowchart in the seroprevalence survey, Catalan Institute of Oncology. 21° May-26"

June 2020; Spain.

Invited to participate
n= 1,969

No participation
n =703 (35.7%)

Accepted participation
n = 1,266 (64.3%)

No serological test
n =28 (2.2%)

Excluded to participate
(no serological test, no self-reported results)
n =16 (1.3%)

Serological test performed
n=1,238 (97.8%)

Inconclusive serology results
n =3 (0.25%)

Included in the study
n = 1,235 (97.6%)
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Epidemiologic and behaviour questionnaire — ICO-Sero-COVID Study

I give my consent to participate in the study of seroprevalence of SARS-Cov-2 infection among ICO workers
and related companies, which includes responding to an epidemiological survey with information on working
conditions and obtaining a nasopharyngeal smear (to perform PCR test for virus detection) and/or to obtain
blood sample by venipuncture (to perform serological tests for antibody determination and plasma
cryopreservation at ICO biobank)

1=Yes; 2=No.

Thank you for participating in the COVID-19 seroprevalence survey among ICO workers. All information
provided below will be treated confidentially, and all resulting results will be anonymized, with no individual
data identifying participants.

A. Socio-demographic data.
1. Name string variable.
. Last namel string variable.
. Last name?2 string variable.
. CIP string variable.
. DNI numeric variable.
. Sex numeric variable (1 = Woman; 2 = Man).
. E-mail string variable.
. ICO center or external company cathegoric variable (ICO-Gi, ICO-L’H, ICO-BDN, ICO-Tarragona-
Terres Ebre, Arcasa, IDIBELL, ISS, Security, IDI, Pregecsa, Veolia).
9. Professional category numeric variable (1 = Nurse; 2 = Fac. Specialist (medicine, pharmacy, physics,
psychologist); 3 = Higher Technician (Research, Predoc, Postdoc ...); 4 = MIR, FIR, PIR; 5 = Higher
Technician; 6 = Porter; 7 = Administrative; 8 = Maintenance/Security; 9 = Cleaning; 10 = Restoration; 11
= Other (specify: string variable ).
10. Work shift numeric variable (1 = Morning; 2 = Afternoon; 3 = Night; 4 = Other).
11. Did you telework for at least more than one day during the March to May 2020 period? numeric
variable (1 = Yes; 2 = No).
12. How many days on average per week do you telework? | _ | numeric variable (1 to 7).

O NOoO Ol wWwiN

B. Exposure and occupational safety measures data.

13. Have you worked in the “COVID area” during the period comprised between March and May
2020? numeric variable (1 = No; 2 = Yes).

14. Since the beginning of March 2020, have you had a suspected or confirmed clinical condition as
COVID-19? numeric variable (1 = Yes; 2 = No).

15. Since the beginning of March 2020, have you had a nasopharyngeal smears sample? numeric
variable (1 = Yes; 2 = No).

16. Do you belong to any of the groups considered to have an increased vulnerability to COVID -19?

Cardiopathy / Hypertension numeric variable (1 = Yes; 2 = No).

Respiratory disease numeric variable (1 = Yes; 2 = No).

Hepatopathy numeric variable (1 = Yes; 2 = No).

Nephropathy numeric variable (1 = Yes; 2 = No).

Active Cancer numeric variable (1 = Yes; 2 = No).

Immunosuppression numeric variable (1 = Yes; 2 = No).

Diabetes mellitus numeric variable (1 = Yes; 2 = No).

Pregnancy numeric variable (1 = Yes; 2 = No).

17. Have you had contact with patients with COVID-19 infection at ICO? numeric variable (1 = Yes; 2
= No).

18. Have you had contact with samples of COVID-19 patients at ICO? numeric variable (1 = Yes; 2 =
NO).For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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20.

21.

22.

23.

24,
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When you are in your workplace, do you wear a surgical mask? numeric variable (1 = Yes; 2 =
No).

If you are in the COVID-19area, do you wear Personal Protective Equipment (PPE)? numeric
variable (1 = Yes; 2 = No, 3 = Not Applicable).

Do you think that the Personal Protective Equipment (PPE) removal procedure is safe? numeric
variable (1 = Yes; 2 = No, 3 =1 don’t know, 4 = Not Applicable).

Do you feel protected by the Personal Protective Equipment (PPE) used? numeric variable (1 =
Yes; 2 =No, 3 =1don’t know, 4 = Not Applicable).

Do you think that you may have been exposed to COVID-19 during personal relationships with
your co-workers? numeric variable (1 = Yes; 2 =No, 3 =1don’t know).

Do you think that the protection procedures implemented during this pandemic period will
benefit you in your future professional development? numeric variable (1 = Yes; 2 =No, 3 =1don’t
know).

Do you think that the work activity carried out during this pandemic period has affected you or
will affect you emotionally in the future? numeric variable (1 = Yes; 2 =No, 3 =1 don’t know).

At work, do you wash your hands with soap or water or with a hydro-alcoholic solution...

26. ...
27. ...
28. ...
29. ...
30. ...
31. ..

32.

33.

before you start working? numeric variable (1 = Yes; 2 = No).

every time you enter a new workspace? numeric variable (1 = Yes; 2 = No).

before eating? numeric variable (1 = Yes; 2 = No).

after handling money, mobile phone, other utensils ...? numeric variable (1 = Yes; 2 = No).
less than 7 times during the working day? numeric variable (1 = Yes; 2 = No).

at the end of the working day? numeric variable (1 = Yes; 2 = No).

When you eat, do you maintain a distance > 2m from your colleagues? numeric variable (1 = Yes;
2 = No, 3 = Not Applicable).

Did your collegues cover thir face with their elbows when they sneeze / cough? numeric variable (1
=Yes; 2 =No).

C. COVID-19 exposure outside working environament (home and social activities).
Outside working environment, do you wash your hands (with soap and water or hydro-alcoholic

solution)...
34. ... when you get home? numeric variable (1 = Yes; 2 = No).
35. ... before eating? numeric variable (1 = Yes; 2 = No).
36. ... after handling money, mobile phone, other utensils numeric variable (1 = Yes; 2 = No).
37. ... after cleaning? numeric variable (1 = Yes; 2 = No).
38. ... after blowing your nose, sneezing or coughing? numeric variable (1 = Yes; 2 = No).
39. Do you shower and change clothes when you get home (or did you go to work)?: numeric variable

40.
41.

42.

43.

44,

45,
46.

47.

48.

(1 =Yes; 2 =No).

Do you wear a mask when you go shopping? numeric variable (1 = Yes; 2 = No)

Do the people you live with cover their elbows if they sneeze / cough? numeric variable (1 = Yes; 2
=No)

Do you have a cohabitant who has passed COVID-19 (with symptoms, with or without
confirmation by PCR, or PCR + without symptoms)? numeric variable (1 = Yes; 2 = No).

Do you use public transport to go to work? numeric variable (1 = Yes; 2 = No)

If “yes”, continue with question 44, if “no , jump to question 46.

Which type of public transport? numeric variable (1 = bus, 2 = metro, 3 = train, 4 = taxi, 5 = bicycle
(multiple answer allowed)).

How many days a week do you use public transport? | _ _ | numeric variable (1 to 7).

Do you use private transportation to get to work? numeric variable (1 = Yes; 2 = No).

If “yes”, continue with question 47, if “no”, jump to question 49.

Which private transport? numeric variable (1 = single use car, 2 = shared car, 3 = single use bike, 4 =
shared bike, 5 = bike (multiple answer allowed)).

How manyr days peniyeékida/pou aseprivatertrarsport?/puiddlmenenicrvariable (1 to 7).
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Do you walk the street for more than 15 minutes? numeric variable (1 = Yes; 2 = No).

If “yes”, continue with question 50, if “no”, jump to question 52.

How many days a week do you go for a walk? | _ _ | numeric variable (1 to 7).

For how many minutes a day do you go for a walk as an average: | __ | minutes / day numeric
variable.

D. COVID-19 tests performed

52.

53.
54.
55.

56.

Have you had a COVID-19 PCR test? numeric variable (1 = Yes, only one; 2 = Yes, several; 3 =
No).

If “17, continue with question 53, if “2”, jump to question 55; if “3”, jump to question 59.

COVID-19 PCR test performed on day: | dd | mm | yy|.

COVID-19 PCR test result numeric variable (1 = Negative; 2 = Positive).

How many COVID-19 PCR test have you had in total? | _ _ | numeric variable (1 to 10).

Depending on the answer, open as many questions with the number of PCR made to ask the date and
result in the same format (Al and A2; B1 and B2; etc).

Al. COVID-19 PCR test performed on day: | dd | mm | yy|.

A2. COVID-19 PCR test result numeric variable (1 = Negative; 2 = Positive).

When you had your first COVID-19 PCR test, did you present any of these signs or symptoms?
numeric variable (multiple answer allowed) (1 = Febricula (>37.3°C); 2 = Fever (>38°C); 3 = Cough; 4
= Odynophagia (sorethroat); 5 = Headache; 6 = Arthromyalgia (generalized pain); 7 = Asthenia
(intense fatigue); 8 = Dyspnoea (shortness of breath); 9 = Anosmia (loss of smell); 10= Nausea,
vomiting; 11 = Diarrhea; 12 = Skin lesions; 13 = Myoclonus (involuntary movements); 14 =
Pneumonia; 15 = Other (specify: string variable ).

57. Have you had a COVID-19 rapid antibody test? numeric variable (1 = Yes; 2 = No).
58. COVID-19 rapid antibody test result numeric variable (1 = Negative; 2 = Positive).
Finally, we would like to complete the information provided with information about your lifestyle.
E. Lifestyle
59. Do you drink any alcoholic beverage at least once a week? numeric variable (1 = Yes; 2 = No).
If “yes”, continue with question 60, if “no”, jump to question 64.
60. How many glasses of wine do you drink every week? | _ | numeric variable
61. How many beers do you drink every week? | _ | numeric variable
62. How many glasses of cognac, gin or other spirits do you drink every week? | _ | numeric variable
63. Has your alcohol consumption changed during the pandemic compared to your consumption

64.

65.
66.

previously? numeric variable (1 = No, it is similar; 2 = Yes, it has increased; 3 = Yes, it has
decreased).

Regarding tobacco use: numeric variable (1 = I have never smoked; 2 = | am a former smoker; 3 = |
am a corrent smoker).

If “17” or “27, jump to question 67, If “3”, continue to question 65.

How many roll-ypur-own cigarrettes do you smoke every day? | __ | numeric variable

Has your tobacco consumption changed during the pandemic compared to your consumption
previously? numeric variable (1 = No, it is similar; 2 = Yes, it has increased; 3 = Yes, it has
decreased).

F. End of the survey

Thank you very much for your participation. As mentioned before, all information from this survey and the
tests performed is confidential and will be anonymized.

If you would like to leave us any further comments regarding the pandemic at the ICO Centers, please do so

below:

67.
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Supplementary Table 1. Demographic characteristics of on-site workers

(always/ocassionally) and teleworkers

Teleworking
Never/ocassionally (n=981)  Always (n=230) p-value
n (%) n (%)
Sex
Male 240 (25) 47 (20)
Female 736 (75) 183 (80) 0,183
Age [median, (min-max)] 43 (19-68.5) 44.9 (19-71.6) 0,015
<35y 271 (28) 38 (17)
35-49y 429 (44) 122 (53)
>49y 281 (29) 70 (30) 0,002
ICO Center
ICO L'Hospitalet 684 (70) 184 (80)
ICO Girona 182 (19) 17 (7)
ICO Badalona 103 (11) 29 (13)
ICO Tarragona / Terres de I'Ebre 12 (1) 0 (0) <0.0001
Health care workers
Yes 567 (59) 72 (32)
No 402 (41) 152 (68) <0.0001
Middle and superior technicians 187 (19) 92 (41)
Porters 17 (2) 3(1)
Administrative staff 90 (9) 35 (16)
Maintenance or security stafft 29 (3) 2(1)
Cleaning staff 46 (5) 15 (7)
Restoration staff 16 (2) 2(1)
Others 17 (2) 3(1) <0.0001
Any Comorbidity 142 (15) 38 (17) 0,4
Smoking history
Never 511 (54) 126 (56)
Ever 438 (46) 98 (44) 0,5
Past 277 (29) 66 (29)
Current 161 (17) 32 (14) 0,6
Cohabiting 889 (91) 209 (92) 0,8
Cohabiting with covid-19 115 (14) 27 (14) 0,9
Reported rRT-PCR previous to serology 422 (84) 42 (75) 0,1
Positive of previous rRT-PCR 62 (15) 10 (24) 0,1
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Supplementary Table 2. Clinical characteristics associated with SARS-CoV-2 positive sergwd)pmng those who report rRT-PCR previous to study serology

(n=469).
Total SARS-CoV-2

; participants seroprevalence Prevalence (95%CI)  p-valuel Adjusted PR (95% CI)?
: n (%) n (%)
4 Reported rRT-PCR previous to serology 469 (38.0) 86 (78.2) 18.34 (15.08-22.11)
5 Result of previous rRT-PCR
6 Negative 397 (84.6) 27 (31.0) 6.80 (4.70-9.74) REF
; Positive 72 (15.4) 59 (68.6) 81.94 (71.31-89.23) <0.001 12.15 (7.54-19.57)
9 Number of symptoms(mean, standard deviation) 1.65 (2.10) 3.08 (2.61) <0.001
10 None 217 (46.3) 21 (24.0) 9.68 (6.39-14.4) REF
:; One 61 (13) 7(8.1) 11.48 (5.56-22.21) 1.13 (0.48-2.67)
13 2-3 109 (23.2) 22 (25.6) 20.18 (13.66-28.78) 2.03 (1.10-3.73)
14 >4 81 (17.3) 35 (40.7) 43.21 (32.87-54.18) <0.001 4.33 (2.48-7.59)
15 p-trend (among exposed) <0.001
16 Reporting COVID-19 compatible symptoms when
17 rRT-PCR was performed
12 No 217 (46.3) 21 (24.0) 9.68 (6.39-14.4) REF
20 Yes 251 (53.5) 64 (74.4) 25.5 (20.48-31.27) <0.001 2.49 (1.51-4.10)
21 COVID-19 symptoms
22 Headache 126 (26.9) 36 (41.9) 28.57 (21.35-37.08) <0.001 1.87 (1.20-2.93)
23 Cough 119 (25.4) 37 (43.0) 31.09 (23.42-39.97) <0.001 2.25 (1.44-3.52)
;‘5‘ Asthenia 110 (23.5) 36 (41.9) 32.73 (24.6-42.04) <0.001 2.38 (1.53-3.72)
2% Arthromyalgia 80 (17.1) 57 (66.0) 36.25 (26.47-47.31) <0.001 2.32 (1.47-3.67)
27 Low-grade fever (37.3°C-38°C) 73 (15.6) 26 (30.2) 35.62 (25.5-47.21) <0.001 2.71 (1.67-4.39)
28 Odynophagia 64 (13.6) 14 (16.3) 21.88 (13.39-33.65) 0.40 1.18 (0.65-2.13)
29 Diarrhoea 58 (12.4) 16 (18.6) 27.59 (17.62-40.43) 0.05 1.47 (0.83-2.60)
30 Anosmia 42 (9) 33(38.4) 78.57 (63.65-88.48) <0.001 6.09 (3.86-9.60)
g; Dyspnoea 40 (8.5) 11 (12.8) 27.50 (15.91-43.2) 0.12 1.56 (0.81-3.00)
33 Fever (>38°C) 28 (6) 15 (17.4) 53.57 (35.4-70.84) <0.001 3.06 (1.71-5.46)
34 Nausea / vomiting 17 (3.6) 6 (7) 35.29 (16.75-59.66) 0.07 1.86 (0.80-4.36)
35 Skin lesions 8(1.7) 1(1.2) 12.50 (1.72-53.86) 0.66 0.74 (0.10-5.38)
36 Pneumonia 3(0.6) 2(2.3) 66.67 (15.27-95.69) 0.03 2.99 (0.71-12.63)
g; Myoclonus 2 (0.4) 0 0.50
39

41
42
43
44
45
46
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Numbers do not always sum up the total due to some missing values (none of the categories present more than 5% of missing values). PR: Prevalence Ratio, CI: Confidence Interval. * Chi-squared test for categorical
40 yariables (Fisher's exact test corrected for continuity) and median test for continuous variables. 2 Adjusted for sex, age (continuous), ICO center, care staff, telework and cohabitants.
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies

Page 34 of 33

. . Item .

Section/Topic 4 Recommendation Reported on page #

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 3
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 3

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 5

Objectives 3 State specific objectives, including any prespecified hypotheses 5

Methods

Study design Present key elements of study design early in the paper 5

Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 5
collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 5

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 7
applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 7

measurement comparability of assessment methods if there is more than one group

Bias 9 Describe any efforts to address potential sources of bias 5,6,19

Study size 10 | Explain how the study size was arrived at 5

Quantitative variables 11 | Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 7
why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 8
(b) Describe any methods used to examine subgroups and interactions 8
(c) Explain how missing data were addressed 8
(d) If applicable, describe analytical methods taking account of sampling strategy NA
(e) Describe any sensitivity analyses NA

Results
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1

2 Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 9
i confirmed eligible, included in the study, completing follow-up, and analysed

5 (b) Give reasons for non-participation at each stage

6 (c) Consider use of a flow diagram

% Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential

2 confounders

10 (b) Indicate number of participants with missing data for each variable of interest 9
11 Outcome data 15* | Report numbers of outcome events or summary measures 12
1; Main results 16 | (o) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 12
14 interval). Make clear which confounders were adjusted for and why they were included

15 (b) Report category boundaries when continuous variables were categorized 9
16 (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

1; Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 15
19 Discussion

;? Key results 18 | Summarise key results with reference to study objectives 17
22 Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 21
23 magnitude of any potential bias

24 Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 17
;2 similar studies, and other relevant evidence

27 Generalisability 21 Discuss the generalisability (external validity) of the study results 21
;g Other information

30 Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 22
31 which the present article is based

32

gi *Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

35

36 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
37 checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

gg http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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